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UTILIZATION OF EXISTING WELLS IN SEISMOGRAPH WORK! 


BURTON McCOLLUM:? and WILTON W. LARUE; 
Houston, Texas 


ABSTRACT 


The writers describe a method of utilizing a well in a seismic exploration of the 
surrounding area for deep domes, with particular reference to a supposed dome near 
the well which, for any reason, may have missed its objective. Most of the paper is 
devoted to methods of utilizing a well near the flank of a salt dome for the purpose of 
making a seismic profile deep down the flanks. These methods are especially adapted 
to determining the extent of “mushrooming”’ such as that existing at Barbers Hill 
and the Allen dome. 


The present economic status of the oil industry, regardless of its 
cause, is having the effect of directing considerable attention to improved 
efficiency in prospecting and production methods. In this connection, 
geophysicists have devoted much thought and effort to developing more 
accurate means for determining well locations. Some of the more recent 
seismic methods which have been proved successful are explained here 
in a qualitative manner with the intention of avoiding burdensome 
mathematics. 


EXPLORING FOR VERY DEEP DOMES 
During the past year or more, use has been made of existent wildcat 
wells for the purpose of making a seismic exploration of the surrounding 


"Read before the Association at the San Antonio meeting, March 21, 1931. Man- 
uscript received, May 28, 1931. Published by permission of McCollum Exploration 
Company. 


President and technical director, McCollum Exploration Company, Esperson 
Building. Introduced by George M. Bevier. 


3Geophysicist, McCollum Exploration Company. 
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territory for very deep domes. The principle of the method used is shown 
in Figure 1. Here, a detector of seismic waves is lowered to the bottom 


Sz 


Fic. 1.—Diagram illustrating use of well for exploring surrounding region for 
deep domes. Patent applied for. 


of a wildcat well which may have missed the dome. With the detector 
in this position, a series of shots is fired on the surface, on a circle having 
the center approximately at the well and the circumference at a distance 
ranging from 5 to 7 miles from the well. It is obvious that if a dome exists 
anywhere within a radius of several miles of the well, as shown in Figure 
1, the shots from one direction, as S,, will show greater velocity than from 
S, and other directions, thereby indicating the presence and position of 
the dome. If the top of the dome is no more than 2,000 feet below the 
bottom of the well, actual salt occurrences will be recorded on the de- 
tector, thereby giving a very definite lead in the direction of the dome. 
If the dome is much deeper, however, it can be detected because of the 
increased velocity in the shale overlying the dome, as this shale is more 
consolidated and is under abnormally great pressure. In the latter con- 
dition, the increase in velocity, especially if the dome is extremely deep, 
may be small enough so that, in order to make certain of exact shooting 
distances, it may be necessary to determine whether the bottom of the 
hole is directly under its surface location. This can be accomplished by 
the seismograph by shooting four additional shots in four different direc- 
tions approximately a mile from the well, as indicated by S; and S, in 
the section shown in Figure 1. If the bottom of the hole deviates in any 
direction from vertical, this is revealed by the difference in time of arrival 
of the sound wave from the four different directions. By this method 
the direction and amount of drift of the hole can be determined. 

It is obvious that by this method the intervening region between the 
well and the distant shots, particularly that part within 2 or 3 miles of 
the well, can be explored for deep domes to a depth considerably in excess 
of the depth of the well used for the detector. 

Practical experience with this method has demonstrated its useful- 
ness and there is no doubt that the method can be made very effective 
in exploring the Gulf Coast for domes to a substantially greater depth 
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than has heretofore been possible by the usual surface methods of opera- 
tion. This method has been used only in connection with wildcat wells. 
It is now proposed greatly to extend its usefulness by utilizing existing 
wells that have been drilled off the flanks of known domes. Literally 
hundreds of such wells are available at the present time for this purpose, 
because any well open to a depth ranging from 4,000 to 6,000 feet, or 
deeper, can be used. It does not matter whether the well is pumping or 
whether it is a dry hole. If a flowing well is used, it may be necessary to 
restrict its flow during the period it is being used for the test. The pro- 
posal here is to select any suitable well off the flank of the dome, as at A 
in Figure 2, and, after placing the detector down near the bottom of the 


Fic. 2.—Plan diagram illustrating method, for deep exploration of region sur- 
rounding known domes. 
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well, shoot a fan of perhaps a 60°-go° angle off the same side of the dome 
as the well. Then another well, as at B, would be used, as shown. On 
this basis, in order to explore the territory entirely surrounding the dome, 
it would be necessary to have five or six wells located at suitable places 
around the dome. It is estimated that by this method a thorough ex- 
ploration of the entire territory within 3 or 34 miles from the flank of 
the known dome can be made down to a depth ranging from 1,000 to 
2,500 feet deeper than the depth of the well used in making the test. 

Such a deep exploration of the area surrounding known domes might 
reveal several deep twin domes. 


DEEP PROFILING OF SALT DOMES 


The problem of profiling deep down the flanks of salt domes has here- 
tofore presented very serious difficulties, and because of these difficulties 
few attempts have been made to profile more than the top of the dome 
and that part extending a very short distance over the shoulder. The 
recent successful use of the described method of placing detectors in 
wells and exploring the surrounding country for deep domes has opened 
the way for the development of an accurate method of profiling down the 
sides of salt domes to depths ranging from 5,000 to 6,000 feet. A method 
for accomplishing this purpose has always been considered extremely 
desirable, but it has recently become of vastly greater importance with 
the discovery of the mushrooming tendency on some salt domes in the 
Gulf Coast region. 

The general method of procedure is simple, as shown by an inspection 
of Figure 3. Here a shot is placed as shown at some convenient point 
on the opposite side of the dome from the well which is being used in the 
exploration; a detector is let down in the well to any suitable position 
such as D,, and a shot made. The detector is then lowered in the well to 
the point D,, and so on, shots being made with the detector spaced at 
suitable intervals down to the bottom of the well. It is readily under- 
stood that the total time of travel of the shot to different detector posi- 
tions is a function of the spacing between the well and the salt mass. 
With a knowledge of the velocity of sound in rock salt and its velocity 
in the deep shales, together with the geometrical relationships involved, 
it is possible to calculate the form of the profile of the dome opposite the 
well with considerable accuracy. In this way it can be determined with 
certainty whether or not the dome slopes continually outward or whether 
it recedes with increasing depth, as shown in Figure 3. 
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SHOT WELL 


DETECTOR 


Fic. 3.—Sectional diagram showing use of well for profiling mushroomed flank 
of salt dome. Patent applied for. 


If mushrooming is found to exist, the position of the flank of the 
dome, relative to the well, can be determined with considerable accuracy 
to a depth almost as great as that of the well. 

Because of the very many deep or moderately deep wells around salt 
domes in the Gulf Coast region, many of which are, or could be made, 
available for work of this kind, this method may have extensive applica- 
tion. Any well open to the desired depth could be used and no injury 
to producing wells would result. 

A further application of this method consists in the determination of 
the position of a fault plane at different depths, as shown in Figure 4. 
Here, for example, a well which was drilled too far back from the fault 
plane to obtain oil is used in determining the position of the fault plane 
for the purpose of making a second location. 


GENERAL PROBLEM OF DETECTION OF MUSHROOMING 


Use of the method discussed for profiling down the sides of salt domes 
determines not only the existence of mushrooming, should this exist, but 
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Fic. 4.—Diagram showing use of well for determining position of fault plane at 
different depths. Patent applied for. 


also determines, with sufficient accuracy for all practical purposes, the 
extent of the mushroom condition. This can be done by the method 
previously outlined only in a zone immediately adjoining a well being 
used for the test. It is possible, however, by an extension of this method, 
to determine definitely the existence of mushrooming on a wide zone on 
the opposite side of the dome from that on which the well is located. The 
procedure is illustrated in Figure 5. Here the detector is placed at any 
suitable depth in the well and a shot is fired 4 or 5 miles away from 
the dome on the same side of the dome as the well. This shot point 
is designated as Shot Point 1 in Figure 5, its direction being indicated 
by the arrow. When the shot is several miles away from the dome, 
experience has shown that under these conditions the wave front, instead 
of being spherical, becomes somewhat ellipsoidal, the deeper parts of the 
wave front being far in advance of the shallower parts, as shown by the 
curved line representing such a wave front in Figure 5. Because of this 
bulging of the wave front with increasing depth, that part of the wave 
front which first reaches the detector at D, is far in advance of the posi- 
tion of the same wave front which reaches a series of detectors on the 
surface at D., D;, D,. If the detectors at all four of these positions be 
connected with a recorder, the amount of advance of the deeper parts 
of the wave front in excess of the surface part can be recorded accurately 
on a film. 

Another shot is next placed at Shot Point 2 on the opposite side of 
the dome, and a detector, D,, also is placed on the surface at a suitable 
point approximately symmetrical with respect to D, in relation to the 
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WELLEDETECTOR——— 
DEPTHE 6690 


Fic. 6.—Typical record made with special seismic wave detector in well at depth 
of 6,690 feet (left trace). Notice greater velocity as compared with detector on sur- 
face near well (right trace). Shooting distance was 29,490 feet. Middle trace was 
not used. 
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dome. This shot is recorded on D, at the surface, also at D, in the well 
on the opposite side of the dome. By assuming the wave front to be the 
same from Shots 1 and 2, it is possible, after determining the time of ar- 
rival of the wave at D,, to calculate the position of the deeper parts of 
the wave front; therefore, to determine definitely the position of a part, 
such as A, at a definite known time. From this, and the recorded time 
of the arrival of the same wave at D,, the interval time between the 
positions A and D, is obtained. With the knowledge of this interval 
time and the velocity of sound in the shales and salt, and with the profile 
previously made of that side of the dome next to the well by the method 
shown in Figure 3, calculation can be made of the position of a point at a 
definite depth on the flank of the dome opposite the well. 

Not only can this operation be completed on a line directly opposite 
the well, but similar lines can be shot, making an angle ranging from 30° 
to 45° on either side of the diametral line. Therefore, by the use of a 
single well, not only can the flank of the dome next to the well be accurate- 
ly profiled, but it is possible to determine definitely the existence or non- 
existence of mushrooming anywhere within a go° angle on the opposite 
side of the dome. 

It is obvious, therefore, that with two, or at the most, three wells, 
properly selected around any dome, the entire periphery of the dome can 
be explored thoroughly for mushroom conditions. 
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dome. This shot is recorded on D, at the surface, also at D, in the well 
on the opposite side of the dome. By assuming the wave front to be the 
same from Shots 1 and 2, it is possible, after determining the time of ar- 
rival of the wave at D,, to calculate the position of the deeper parts of 
the wave front; therefore, to determine definitely the position of a part, 
such as A, at a definite known time. From this, and the recorded time 
of the arrival of the same wave at D,, the interval time between the 
positions A and D, is obtained. With the knowledge of this interval 
time and the velocity of sound in the shales and salt, and with the profile 
previously made of that side of the dome next to the well by the method 
shown in Figure 3, calculation can be made of the position of a point at a 
definite depth on the flank of the dome opposite the well. 

Not only can this operation be completed on a line directly opposite 
the well, but similar lines can be shot, making an angle ranging from 30° 
to 45° on either side of the diametral line. Therefore, by the use of a 
single well, not only can the flank of the dome next to the well be accurate- 
ly profiled, but it is possible to determine definitely the existence or non- 
existence of mushrooming anywhere within a go° angle on the opposite 
side of the dome. 

It is obvious, therefore, that with two, or at the most, three wells, 
properly selected around any dome, the entire periphery of the dome can 
be explored thoroughly for mushroom conditions. 
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ANALYSIS OF SOME TORSION-BALANCE RESULTS 
IN CALIFORNIA' 


ROBERT H. MILLER? 
Beverly Hills, California 


ABSTRACT 


The writer discusses torsion-balance results obtained in the Los Angeles basin. 
It is shown that here the distribution of gravity which is observed in the vicinity of 
an oil field is in no way connected with the inherent density of the beds. One phase 
of the mathematical theory of geophysics dealing with the gravity distribution set up 
by the folding of an otherwise uniformly dense bed is discussed, and it is shown that, 
in the region in question, the distribution of gravity is entirely the result of this folding. 
An approximate method of interpreting gravitational distribution in terms of sub- 
surface structure is described. 


Though the practical value of geophysics as a means of direct as- 
sistance in the solution of geological problems which confront many 
branches of oil exploration is far from being realized by many operators 
in California, this branch of geophysics has made great strides within 
the last few years, and is now equipped to give remarkably satisfactory 
subsurface information. The geological conditions in California are 
admittedly more complex than those of the coastal region of Texas and 
Louisiana, where geophysics was first used in the oil industry in the 
United States, but this complexity does not preclude the possibility of 
good results. After the difficulties have been overcome, more informa- 
tion may be deduced from geophysical studies in this region than in 
regions of simpler geology. The complexity of conditions in California, 
however, makes it necessary to leave the interpretation of the results to 
experts, in the same manner that micropaleontology is now left in the 
hands of a few men who really understand the work. When this is done 
the old record of geophysics will be erased and a new record established, 
which will encourage companies to spend their money on geophysical 
programs and subsequent leasing and drilling. There continue to exist 
erroneous ideas as to the nature of the properties of materials which are 
used in geophysical determinations, so that when the fundamental theory 


*Presented before the Association at the San Antonio meeting, March 21, 1931. 
Manuscript received, February 12, 1931. 


2Geologist and engineer, 438 South Maple Drive. Introduced by Paul B. 
Whitney. 
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of geophysics is examined by men who hold such erroneous ideas the 
result is confusion, and geophysical methods are hindered in getting the 
endorsement they merit. 

It has generally been assumed that the distribution of gravity meas- 
ured by the torsion balance depends on the configuration of denser or 
lighter rocks below the surface of the ground; in other words, it depends on 
the distribution of subterranean mass caused by the inherent density of 
the contorted beds, and as no inherent density differences are detectable 
within moderate depths in many places in California, this has been taken 
as prima facie evidence that the torsion balance was not adaptable to 
California conditions. When it was shown that all California oil fields 
do affect the distribution of gravity in their vicinity, the effect was at- 
tributed to slight inherent density changes, and the method of deter- 
mining densities from core samples was questioned. Simple reasoning 
will show that the distribution of gravity in many oil fields in California 
has little if anything to do with the inherent density of the beds below 
the surface. 

Figure 1 represents a cross section of an oil field in the Los Angeles 
basin. AA’ is the observed gradient profile curve. The maximum or- 
dinates, 6 and 6’, are 1,600 feet apart. BB’ is the calculated gradient 
profile curve where a heavier bed of the same cross section just reaches 
the level surface of the ground at the crest of the fold, the ordinates of 
the profile curve being proportional to the difference in density of the 
heavier bed and the surface fill. This profile curve does not reach its 
maxima within the limits of the sketch. If this heavier bed had occupied 
a lower position in the series, or a higher position, and had been subse- 
quently eroded to a level surface, the maxima on the profile curve would 
be still farther apart. Therefore, as the first case considered does not 
produce a distribution of gravity comparable with that observed in the 
field, no heavier bed in any position, nor any combination of lighter or 
heavier beds, nor increasingly lighter or heavier beds, can produce results 
in any way comparable with those observed. Hence it is proved that the 
observed distribution of density represented by the profile curve AA’ 
does not depend on the inherent density change of the subsurface forma- 
tions. Also, as all the oil fields in the Los Angeles basin cause a similar 
distribution of gravity, the proof may be extended to include them. 

It seems probable that the causes which underlie the distribution 
of gravity over many structures in California must generally be sought 
in the compaction and rarefaction of the beds caused by folding. The 
forces of earth movement which give rise to structures generally remain 
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active through a long period of time, and deposition and erosion occur 
contemporaneously in many places so that the formations at depth may 
be more folded than those at the surface. The effects of distance, how- 
ever, more than offset the greater degree of folding that may occur at 
depth, so that only the folding of the surface formations has an appre- 
ciable effect on the distribution of gravity at the surface. When a whole 
series of formations is folded, the series may be divided into members 
that react to folding in the manner of rigid bodies and those that flow 
plastically or slip on cleavage planes; otherwise the strain in the ma- 
terials would exceed all possible limits. It is not necessary to assume 
that sand beds exhibit the properties of rigid bodies and that under 
linear compression shales flow plastically, but it is a fact that surface 
sand formations, within 1,000 or 2,000 feet of the surface, when folded, 
assume a ‘form that only rigid bodies would acquire under the circum- 
stances. If allowances are made for the effects of friction, this form may 
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be expressed as a sine function. It will be shown that the distribution 
of gravity observed throughout many California oil fields is mainly the 
result of the folding of the surface formations which behave like a rigid 
surface crust. 

AB (Fig. 2) represents a vertical section of a sand formation through 
one of the Los Angeles basin oil fields drawn to scale. Below this sand 
formation are blue shales. The sine function assumed by this bed may 
be expressed by 


xT 
yy = 1,000 E — cos 
9,000 


where x and y represent, respectively, distance and height in feet from the 
origin O, of points on the lower surface of the bed. The points a and b 
are points of inflection at which there is no bending. Between a and b 
the arch is convex upward so that the part near the upper surface is 
extended, and the part near the lower surface is compressed. Between 
A and a, B and 3, the arch is convex downward and the reverse is true. 
There is, therefore, a part of the bed between the upper and the lower 
surface which is neither extended nor compressed. This part of the bed 
is named the neutral surface, and its vertical section is the neutral axis. 
One of the consequences of bending is that at any point in a normal 
section the strain is proportional to the distance of that point from the 
neutral surface. As the change of density is equal to the strain, the 
terms may be used synonymously. If compression is considered as a 
positive density change and rarefaction as a negative density change, 
and if points above the neutral surface are considered positive and 
points below negative, the distance of a point from the neutral surface 
in a normal section, where the density change is 6, is given by a, where 


p being the radius of curvature of the neutral axis at that section, being 
positive where the axis is concave upward and negative where the axis 
is concave downward. As the radius of curvature of a sine curve passes 
from a minimum at the points A, B, and C, to infinity at the points of 
inflection a and 6, there is a deficiency of mass concentrated above the 
neutral surface at C, and below the neutral surface at A and. B, and an 
excess of mass below the neutral surface at C and above the neutral 
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surface at A and B. The dashed lines represent surfaces of equal density, 
the figures referring to the percentage changes. It is thus evident that 
the mass within the bed is redistributed into six zones, occurring in pairs. 
The zones of each pair are of opposite nature and in the same vertical 
line. It is evident that the distribution of gravity at the surface caused 
by these zones depends on their magnitude and position relative to one 
another, which is a direct function of the fold, and their position as a 
group relative to the surface of the ground, which is a function of subse- 
quent erosion, deposition, or earth movement. On the assumption that 
the normal density of the sand bed in Figure 2 is 1.8, and that subsequent 
to folding it has been buried to its crest under material of the same dens- 
ity, it is seen that the distribution of gravity would be represented by the 
calculated gradient profile curve BB’ (Fig. 3). If erosion then took 
place to the plane PP (Fig. 2), the position of the base of the sand for- 
mation now coinciding with the blue shale contact of this particular field, 
the calculated distribution of gravity would be represented by the 
gradient profile curve CC (Fig. 3). The close similarity of this curve 
and the observed gradient profile curve in this field (curve AA, Fig. 3) 
is sufficient proof that the compaction and rarefaction of the surface 
formations resulting from folding is the direct cause of the observed 
distribution of gravity. 

The practical value of this theory as a means of interpreting torsion- 
balance results in terms of subsurface structure can be illustrated best 
by considering an actual example. Curve HK (Fig. 4) is the actual 
gradient profile bed across an area in the Los Angeles basin drawn to 
the scales shown. This curve is complex and is obviously the composite 
of several simpler curves. On analysis the curve is found to be composed 
of three simpler curves, LM, NQ, and SV; that is to say, the ordinate 
of any point on curve HK is the algebraic sum of the ordinates of the 
corresponding point on curves LM, NQ, and SV. It is evident from 
what has been said before that curve LM represents the distribu- 
tion of gravity set up by the zone of compression below the crest of an 
anticline, and curve NQ represents the distribution set up by the 
remnant of a zone of extension above the crest of the anticline. Curve 
SV represents the distribution of gravity set up by the zones on the 
flank of the anticline, the upper zone of compression masking the lower 
zone of extension. As there is no disturbance on the other side of the 
anticline corresponding with SV, there is clearly a fault on that side 
against which the beds were folded. Referring to Figure 2, it is seen 
that, in the zone of compression at the axis of the anticline, the surfaces 


3 
| 
7 
7 


£ 


SLINA SQA1O3 “lwo 139NV SOT 
os ov oe ° “|019 NYWIT13HM'H 


0902 G009 9006 000% O00! 


aTV9OS IWINOZIBOH d-d ATLNANDASANS 


Sv 0103 -S3NIWA 


ALISN3Q 10NBZ 40 IWIN ALVW 
g104 —-SANIWA 


G3AN3ISEO 


} 
| 
4 


x 1426 ROBERT H. MILLER 


=x 
( 


~ 


| 
4 ie 
SCALES 
1980 joc Wwe. 
FEET 
VG 
ROBERT H MILLER, gbrvbs ‘unit 


GEOLOGIST & ENGINEER, 
308 H.W HELLMAN BLDG, 
LOS ANGELES, CAL. 


Fic. 4.—Graphical construction for the interpretation of results. For explanation see text. 
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of equal density present approximately concentric cylindrical surfaces 
in the immediate vicinity of the axis and that the center of curvature 
of these parts of these surfaces is approximately equidistant from the 
horizontal line tangent to the neutral axis and to the normals through 
the points of inflection a and 6. Therefore, close to the axis, the distribu- 
tion of gravity caused by the disturbing mass in this zone is approximate- 
ly the same as if the mass were concentrated at this point, namely, the 
center of the circle touching the normals through the points of inflection 
and the ground surface, to approximate still further. Thus, in curve 
LM (Fig. 4) the two maxima are the distance ac apart, so that if OX 
represents the surface of the ground, the point would be located at P, 
a distance ac below the surface. The point of symmetry of curve 
NQ, representing the distribution of gravity caused by the remnant of a 
zone of extension at the axis of the anticline, is offset toward the left 
from that of curve LM, indicating that the beds have been dragged 
down by the fault at the time the anticline was formed, and that the 
sine curve which is the figure of the anticline must be referred to the new 
axes X’O’Y’ instead of the horizontal and vertical axes XOY. The con- 
struction is evident from the figure. On account of the rotation of the 
axes, the period of the sine curve representing the anticline is slightly 
greater than OB, because at the point F, vertically below the center of 
the zones represented by the profile curve SV, the beds are horizontal, 
and not parallel with the new axis O’X’. The period of the sine curve is 
estimated to be O’D, and C is the point of inflection of the sine curve 
referred to the axes X’O’Y’ (shown by the dashed line). The tangent 
CT to the circle O’T, with P as center, gives the inclination y of the nor- 
mal through the point of inflection. Now the equation of this sine curve is 


‘=a 
= 0’ D 


where a is a constant representing the half-amplitude of the sine curve 
and O’D is the half-period, equal to 6,000 feet, and 


By measurement the angle TCE (y) is 39.5° and the tangent is 0.83, and 
x equals O'C and is 3,000 feet. Substituting these values in equation 
(1), ais found to be 1,600 feet, approximately. The section of the anti- 
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cline, therefore, represented by the profile curve HK, is a sine curve 
having a period equal to O’D and a half-amplitude of 1,600 feet. This 
curve is represented by curve GEF in the figure. As the point G has been 
dragged below its original level F, it is evident that the fault is down- 
thrown on the left. As the earth movements which caused the anticline 
evidently caused motion of the beds from left to right, friction and in- 
ertia must have caused the horizontal dimensions to be foreshortened to 
an extent varying inversely with the distance from the fault, so that the 
fault is nearer the axis of the anticline than is indicated by this theoretical 
analysis, and the left limb of the fold is somewhat steeper. 

Though this discussion has been devoted solely to the distribution 
of gravity in the Los Angeles basin, where the density conditions are 
exceptional, an accurate interpretation can be made of the data acquired 
from measuring any of the other properties of materials which are utilized 
in geophysics in any region, provided that the data which have been 
obtained are complete. 


DISCUSSION 


Frank A. Moss, Los Angeles, California (written discussion received, 
March 12, 1931): The author of the preceding paper offers an interesting ex- 
planation for gradient profiles in which the points of maximum gradient are 
too close together to be caused by density differences in beds extending across 
a fold. In a loosely consolidated bed of sand, folding reasonably could be ex- 
pected to cause an increase of density as postulated, but it is questionable 
whether there would be a decrease in density due to tension. However, there 
still would be gravity “highs” over the crest of the fold and over the flanking 
synclines. 

Other possibilities to be considered in the example given are (1) that the 
gravity “highs” on either side of the fold could be caused by heavy beds trun- 
cated and covered by alluvium and (2) that a combination of lenses of heavy 
and light materials might distort the effect of inherent changes in density 
sufficiently to produce the results observed. 

These theoretical considerations do not apply to folds in the western side 
of the San Joaquin Valley, where the beds involved in the folding are fairly 
well indurated and would be sheared rather than appreciably compressed. Ob- 
served variations in gravity can be related satisfactorily to measurable changes 
in density of the underlying materials. 


Donatp C. Barton, Houston, Texas (written discussion): Geologically, 
it seems to me that we must examine more closely the reasoning leading to the 
assumptions that a soft, poorly consolidated California sediment will act as if it 
were a rigid body. Without more definite corroboratory data, I would be un- 
willing to postulate the compression-rarefaction assumed by Mr. Miller. 

Geophysically, I can not reach Mr. Miller’s conclusions. Mathematically, 
it commonly is possible to obtain a considerable series of tentative structural 
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profiles all of which produce gradient profiles which check given observed 
gradient profiles within the limits of the probable error. A close fit of a calcu- 
lated to an observed gradient profile is not necessarily evidence that the trial 
structure section is correct. In the Belle Isle survey, I found that geologically 
improbable assumptions and a trial structure section now proved to be in- 
correct gave a very much better fit of calculated to observed gradient profiles 
than assumptions and structure sections 75 per cent of which have been con- 
firmed by subsequent drilling. 

A year ago IJ had the pleasure of studying a rather extensive torsion-balance 
survey which disclosed the structure of Figure 3 with fair detail and which also 
gave a fair picture of the gravitational situation of the surrounding area. This 
study of Mr. Miller’s in a preliminary form also was seen by me. My study of 
that torsion-balance survey seemed to show that the gravitational picture over 
the particular structure could not be interpreted intelligently if it and the struc- 
ture were studied separately from the anomaly of the major structural features 
of that part of the basin. Some of the smaller irregularities in that profile 
furthermore seemed to me referable to surficial irregularities in density. 

Although I can not accept the conclusions expressed in this paper, studies 
of this type are necessary if we are to improve our technique of interpretation 
of torsion-balance surveys, and one of the problems which must be investigated 
is the effect of structural compaction. 
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SOURCE AND DATE OF ACCUMULATION OF OIL IN GRANITE 
RIDGE POOLS OF KANSAS AND OKLAHOMA' 


JOHN L. RICH? 
Ottawa, Kansas 


ABSTRACT 


All oil pools extending from El Dorado, Kansas, to Oklahoma City along the 
Nemaha granite ridge and the southern extension of that line of folding have important 
oil accumulations at an unconformity beneath the Pennsylvanian shales. This rela- 
tion, together with evidence from later folds in the region, furnishes data from which 
the approximate date of oil migration and accumulation can be determined. Con- 
sideration of various possible sources for this oil indicate that it was not generated 
until long after the sediments were deposited, and that its source can not logically and 
consistently be sought in the rocks in the immediate vicinity of the pools. Generation 
of the oil by metamorphic agencies during the Appalachian revolution and its migra- 
tion, in some regions through long distances, to its present reservoirs through porous 
carrier beds is a suggested hypothesis which seems to accord better with the data from 
the fields than do any of the hypotheses of local origin of the oil. 


INTRODUCTION 


Extending from Fiorence, Kansas, southward into central Oklahoma 
is a line of large and exceptionally prolific oil pools, including Florence, 
Peabody, Elbing, El Dorado, Augusta, Blackwell, South Blackwell, 
Tonkawa, Garber, Oklahoma City, and Cushing’ (somewhat east of the 
line), all of which have similar geological structure and seem to have had 
nearly the same geological history. Because the major features of their 


‘Expanded from paper read before the Association at the San Francisco meeting, 
March 21, 1928. Manuscript received, May 5, 1931. 
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3For further details concerning these fields and their geologic history the following 
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C. R. Thomas, “‘Flank Production of the Nemaha Mountains (Granite Ridge), 
Kansas,” Structure of Typical American Oil Fields, Vol. I (Amer. Assoc. Petrol. Geol., 
1929), pp. 60-72. 

John R. Reeves, “El Dorado Oil Field, Butler County, Kansas,” Structure of Typ- 
ical American Oil Fields, Vol. II (Amer. Assoc. Petrol. Geol., 1929), pp. 160-67. 

A. E. Fath, ‘Geology of the Eldorado Oil and Gas Field, Butler County, Kansas,” 
State Geol. Survey of Kansas Bull. 7 (1921). 

N. W. Bass, “The Geology of Cowley County, Kansas, with Special Reference 
to the Occurrence of Oil and Gas,” State Geol. Survey of Kansas Bull. 12 (1929). 
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tion in the Mervine, Ponca, Blackwell, and South Blackwell Oil Fields, Kay County, 
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geological structure were formed at the same time as the Nemaha granite 
ridge of Kansas and several of the pools are on that ridge or on the 
southward continuation of its axis, they are, for brevity, here referred 
to as the pools of the Granite ridge group. 

Some features of these pools, particularly the occurrence of the oil 
mainly at the pre-Pennsylvanian unconformity, and the relation of the 
rocks which have been generally believed to have been the source of 
most of the oil in the region to that unconformity, provide means for 
dating approximately the period of oil accumulation and for testing some 
of the current theories of the source and migration of the oil in comparison 
with the field evidence as viewed in a broad way for the region as a whole. 


GEOLOGIC HISTORY 


Abrief sketch of the major features of the region in which the Granite 
ridge oil pools occur will make clear their broader relations to each other, 
to the most probable sources of the oil, and to the principal structural 
disturbances of the district." 

The late Cambrian-early Ordovician Arbuckle limestones (known as 
“Siliceous lime” by drillers) were deposited on all those parts of Okla- 
homa and Kansas with which we are concerned. Deposition of the 
Arbuckle seems to have begun in southern Oklahoma where it is now 


Oklahoma,” Structure of Typical American Oil Fields, Vol. I (Amer. Assoc. Petrol- 
Geol., 1929), pp. 158-75. 

Glenn C. Clark, “Wilcox Sand Production, Tonkawa Field, Oklahoma,” Bull. 
Amer. Assoc. Petrol. Geol., Vol. 10, No. 9 (September, 1926), pp. 885-91. 

Wesley G. Gish and Raymond M. Carr, “Garber Field, Garfield County, Okla- 
homa,” Structure of Typical American Oil Fields, Vol. 1 (Amer. Assoc. Petrol. Geol., 
1929), pp. 176-91. 

T. E. Weirich, ‘Cushing Oil and Gas Field, Creek County, Oklahoma,” Structure 
of Typical American Oil Fields, Vol. 11 (Amer. Assoc. Petrol. Geol., 1929), pp. 396-406. 

Homer H. Charles, “Oklahoma City Oil Field, Oklahoma,” Bull. Amer. Assoc. 
Petrol. Geol., Vol. 14, No. 12 (December, 1930), pp. 1515-33- 

“Oil and Gas in Oklahoma,” Oklahoma Geol. Survey Bull. 40, Vol. 1 (1928), Vol. 
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thickest and whence it seems to have spread northward and northwest- 
ward. Later, the region was uplifted and for a long time the Arbuckle 
limestone floored a low land, at least in the northern half of the area. 
Still later, near the close of the Ordovician, this land was submerged and 
the sediments of the Simpson formation, a series of shales, thin dolomites, 
and extensive sheet sandstones, were deposited. Its principal sheet sand, 
the “Wilcox,” which seems to correspond with the St. Peter sandstone 
of adjacent states, is now the most prolific oil-producing sand in the 
district. The Simpson formation and its sands were thickest in southern 
Oklahoma and considerably thinner in northern Oklahoma and southern 
Kansas, but, so far as we know, they once covered all of the area under 
discussion. 

Simpson deposition was followed by a period of slight emergence, 
after which the region again sank and the Viola limestone, approximately 
50 feet thick, the Sylvan shale, of Upper Ordovician age, 75-125 feet 
thick, and the Hunton limestone, representing part of Siluro-Devonian 
time, were deposited, evidently throughout the whole region. 

The deposition of the Hunton limestone was followed late in De- 
vonian time by uplift, broad warping, and extensive peneplanation during 
which, on the Chautauqua arch in southeastern Kansas and the Barton 
arch in west-central Kansas,’ all of the formations down to and including 
part of the Arbuckle limestone were removed by erosion. The pene- 
planed surface thus formed seems to have been extremely flat. 

Early in Mississippian time this broad, flat plain was submerged 
and the dark, organic muds which formed the Chattanooga shale were 
deposited with remarkable uniformity throughout the whole region. 
The Chattanooga, notwithstanding its wide extent, is comparatively 
thin, ranging from only a few feet to slightly more than 200 feet, but 
having an average thickness between 20 and 50 feet in this area. 

Deposition of the Chattanooga shale was followed conformably by 
that of the “ Mississippi lime,”’ which also is characterized by remarkable 
uniformity in large areas. Its average thickness was at least 350 feet. 
How much more it may have been and how great a thickness of later 
Mississippian rocks may once have been present and have been eroded 
we do not know. 

The deposition of the “ Mississippi lime’”’ was followed during the 
latter part of Mississippian or the early part of Pennsylvanian time by 
another uplift which seems to have been slight in amount and uniform 


‘John S. Barwick, “The Salina Basin of North-Central Kansas,” Bull. Amer. 
Assoc. Petrol. Geol., Vol. 12, No. 2 (February, 1928), pp. 177-99. 
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in large areas, for the Mississippian rocks were eroded at the top and 
slightly beveled, and a topography of low hills and valleys was developed 
on them in most of Kansas and the greater part of northern Oklahoma, 
but only here and there did erosion cut down entirely through the for- 
mation. The remaining lower part of the “ Mississippi lime” has a re- 
markably uniform thickness ranging from 200 to 350 feet in large areas. 

In contrast to the slight, uniform regional uplift of most of the area 
at this period, was the sharp linear folding and faulting which produced 
the Granite ridge (Nemaha Mountains) of Kansas and the related struc- 
tures farther south and southeast. Whether this sharper local folding 
and faulting occurred at the beginning of the late Mississippian uplift, 
during it, or near its close, is uncertain, but the last seems most probable. 

Along these sharper folds and faults the “ Mississippi lime” and 
older formations were brought up above peneplain level and stripped 
well down into the Arbuckle limestone on the Oklahoma structures and 
down to and into the pre-Cambrian on the Granite ridge north from the 
vicinity of El Dorado, Kansas (Figs. 2 and 3). 


Ft. Scott 
Cherokee 


“Siliceous lime” 


Ideal west-east cross section of El Dorado anticline from Sec. 7, T. 26 S., R. 4 
E., to Sec. 12, T. 26 S., R. 5 E. Length, 12 miles; height, 1,200 feet. 


Ft.Scott 


I 
Tr "Siliceous Lime" 


Ideal south-north cross section of southern part of El Dorado anticline from Sec. 
31 to Sec. 8, T. 26 S., R. 5 E. Length, 5 miles; height, 500 feet. 


Fic. 2.—El Dorado pool, Kansas. Cross sections of typical Granite ridge struc- 
ture of faulted type showing geologic relationships at pre-Pennsylvanian unconformity. 
By John R. Reeves, ‘El Dorado Oil Field, Butler County, Kansas,” Structure of Typ- 
ical American Oil Fields, Vol. 11 (Amer. Assoc. Petrol. Geol., 1929), p. 161. 


In the early part of the Pennsylvanian period we may picture 
northeastern and north-central Oklahoma and the eastern two-thirds 
of Kansas as a peneplaned limestone land of slight relief, close to 
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sea-level. The Granite ridge and its related structures on the south were 
presumably marked by low, rolling hills, slightly above the general level. 

During Cherokee time, early in the Pennsylvanian, a shallow north- 
south basin began to settle below sea-level in eastern Oklahoma and in 
Kansas east of the Granite ridge. Before the end of Cherokee time the 
submergence spread to all of Oklahoma with which we are here con- 
cerned and to southern and southwestern Kansas, but the Granite ridge 
north of El Dorado remained above water and the area west of it, at 
least along the saddle extending westward to the Barton arch, seems not 
to have been covered until very late Cherokee or the beginning of Mar- 
maton time. 

The blue, gray, and black shales which compose most of the Cher- 
okee formation have generally been considered as one of the most prob- 
able sources of oil in this district. Their thickness ranges downward 
from approximately goo feet in the deeper parts of the basin. A common 
thickness in much of the basin is 300-350 feet, but in the area with which 
we are particularly concerned the thickness generally reported is con- 
siderably less. 

Following the local submergence which formed the Cherokee basin 
east of the Granite ridge, came a more widespread subsidence, so that 
by Marmaton time the Pennsylvanian sea covered the southern part 
of the Granite ridge and the country west of it except, perhaps, the 
highest parts of the Barton arch. Submergence and deposition then 
continued through the remainder of the Pennsylvanian and much or all 
of the Permian until sediments ranging in thickness from 3,000 to 10,000 
feet had been deposited over the buried Mississippian folds. 

At intervals during the Pennsylvanian and Permian came the struc- 
tural disturbances of the Appalachian revolution, during which the 
Ouachita Mountains were severely folded and faulted and their rocks 
subjected to sufficient metamorphism to raise their carbon ratios beyond 
the limits of oil retention (more than 80). 

At some undetermined time subsequent to the deposition of the 
Pennsylvanian rocks there was a second period of folding along axes 
approximately parallel with the Granite ridge, which formed long, mod- 
erately sharp anticlines such as the Beaumont and Dexter anticlines 
which lie 20-30 miles east of the Granite ridge. These folds differ from 
those of the Granite ridge group in that the “ Mississippi lime” and the 
Pennsylvanian formations maintain approximately their full thickness 
on the folds. They differ further in having caused only minor accumula- 
tions of oil and gas, in contrast to the rich accumulations on the earlier 
folds of the Granite ridge group. 
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Besides the distinct anticlinal folds, there are also many structures 
whose form suggests deep-seated faulting, which do not affect the thick- 
ness of the rock sections on them, and which obviously were formed after 
deposition had been completed. Their age is unknown. It may be as 
late as Cretaceous or Tertiary. 

Another important event whose date does not seem to be definitely 
known is the westward tilting of the Oklahoma-Kansas area (except, 
perhaps, the western third of those states) to an amount ranging from 
20 to 80 feet per mile. This tilting may have occurred mainly at one 
period or it may have continued gradually ever since erosion began to 
strip off the rocks piled up during the Appalachian revolution. 

Such, in brief, is the geological history of the region in which the 
Granite ridge group of oil pools is found. 


GRANITE RIDGE OIL POOLS 


North of El Dorado, Kansas, the Mississippian and Ordovician rocks 
have been mostly stripped from the crest of the Granite ridge, but be- 
tween El] Dorado and Oklahoma City almost every fold of the Granite 
ridge type has been proved to hold a rich oil pool. 

The greatest, and presumably the primary, accumulations of oil in 
most of these pools occur in the upturned and beveled edges of the Or- 
dovician and Mississippian rocks at the unconformity where they are 
overlain by the Pennsylvanian shales (Figs. 2 and 3). Other large accu- 
mulations of both oil and gas occur higher in the section on the same 
folds in sands of both Pennsylvanian and Permian age and they extend 
within a few hundred feet of the surface. These higher accumulations 
have many of the characteristics of secondary origin and of having been 
formed by oil working its way upward through fissures from the deeper 
pools. 

Among the evidences of such secondary origin of the oil in the higher 
sands are: (1) similarity in composition between the oil in the higher 
sands and that in the main pools below; (2) evidence of considerable 
fissuring on the structures; (3) general absence of oil and gas in the len- 
ticular sands of the higher formations away from the producing structures. 

In the beveled beds beneath the Pennsylvanian shales the oil seems 
to be found in whatever members of the Ordovician and Mississippian 
section happen to furnish the best reservoirs, and this seems to depend 
in large measure on the amount of stripping to which the fold was sub- 
jected in pre-Pennsylvanian time. On folds where the Arbuckle lime- 
stone was laid bare, as at El Dorado, Garber, and Oklahoma City, the 


4 
= 
= 
~ 
4 
4 


ACCUMULATION OF OIL IN GRANITE RIDGE POOLS 1439 


oil has accumulated in the Arbuckle, in the ring of “ Wilcox” and other 
Simpson sands surrounding it, and here and there in the beveled edge of 
the ‘Mississippi lime.”’ In other pools, as at Tonkawa, the ‘ Wilcox” 
sand, which is covered by the Viola limestone in most of the field, is the 
principal producing horizon. At Oklahoma City richly productive 
streaks have been found in the Arbuckle limestone as deep as 500 feet 
below its top. 

The Churchill (Sec. 24, 25, 36, T. 31 S., R. 2 E.) and Oxford (Sec. 
12, 14, 22, 23, T. 32 S., R. 2 E.) pools of Kansas show an interesting 
variation from the general rule in that the principal accumulation is in 
sands near the middle of the Pennsylvanian section. The greater part 
of the oil produced has come from the Stalnaker sand at the contact of 
the Lansing and Douglas groups, but in the Oxford pool oil in commercial 
quantities has been found also in several wells in sands 500 feet higher 
in the section, and in a few wells several hundred feet still higher. 

Tests of the deeper Mississippian and Ordovician formations, which 
produce most of the oil in the other Granite ridge pools, have shown those 
formations to contain only water. 

Such an abnormal distribution of the oil in these structures is not 
readily to be explained by differences in the source rocks adjacent to the 
reservoir sands. It suggests strongly that those particular structures 
have been fissured so extensively that all of the oil has escaped upward 
from the deeper formations and has been trapped by the sands higher 
in the section. 


COMPARISON WITH LATER FOLDS 


In the preceding section mention has been made of two periods of 
folding, one in late Mississippian-early Pennsylvanian during which the 
folds and faults of the Granite ridge type were formed, and another at 
some undetermined post-Pennsylvanian time when the Beaumont anti- 
cline and related folds were formed. The post-Pennsylvanian disturb- 
ances of the fault type may have occurred at the same time, but it seems 
more probable that they were later. 

The folds of the Granite ridge group (south of El Dorado) have, 
almost without exception, become the centers of rich oil accumulation. 
Those of the later, post-Pennsylvanian generation, have proven dis- 
appointing for oil, particularly in the deeper sands, though they have 


"L. W. Kesler, “Oil and Gas Resources of Kansas in 1927,” State Geol. Survey of 
Kansas Min. Resources Cir. 1 (June, 1928). The same description is also printed in 
Petroleum Development and Technology in 1927 (Amer. Inst. Min. Met. Eng., 1928), 
PPp- 589-90. 
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caused minor accumulations of oil in the top of the “ Mississippi lime” 
and of gas in some of the higher beds. 

The difference in the oil content of the folds of the two generations 
is believed to furnish a clue to the origin and date of generation of the 
oil in this region. 

The essential differences between the conditions on the two folds 
are: (1) on the Granite ridge folds the rocks beneath the Pennsylvanian 
were uplifted and beveled before the Pennsylvanian was deposited; on 
the later folds the Mississippian formations are thinned only slightly 
and the Pennsylvanian has its full thickness; (2) the Granite ridge folds 
were present at the time of the Appalachian revolution and at the time 
of the first loading of the Chattanooga and Cherokee shales by the 
weight of the Pennsylvanian and Permian rocks; the later folds seemingly 
were not; (3) on the Granite ridge folds the present reservoir rocks are 
in contact with the Cherokee shales in some of the pools, but not in all, 
and might have been reached by oil from the Chattanooga on the flanks 
of the structures ascending along the unconformity. On the later folds 
the Cherokee is in contact only with the top of the “ Mississippi lime,” 
and the Chattanooga is in contact with various members of the Ordo- 
vician section, differing from place to place because of the pre-Chatta- 
nooga beveling. 

DATE OF OIL ACCUMULATION 


Having sketched the geological history of the region and the dis- 
tribution of the oil pools with respect to the folds of the earlier and later 
generations, we are ready to analyze the question of the date of the oil 
accumulation and from that to work toward a solution of the problem 
of its source. 

As the major oil accumulations are found at the unconformity below 
the Pennsylvanian rocks or in them, it is obvious that the oil accumula- 
tion was a post-Pennsylvanian event. Whether the oil accumulation 
began as soon as the older rocks were buried and continued while the re- 
maining Pennsylvanian sediments were being deposited is not yet known. 
The fact that the higher parts of several of the structures such as Okla- 
homa City, El Dorado, Elbing, Peabody, and Florence were not buried 
until latest Cherokee or early Marmaton time fixes the earliest possible 
date for the beginning of accumulation in those pools. 

It seems that the oil migration must have been almost completed 
before the formation of the later folds, such as the Beaumont anticline; 
otherwise those folds should have trapped their share of the migrating 
oil. 
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We can thus place the date of the accumulation of the oil in the Gran- 
ite ridge pools between the beginning of Marmaton time and the time of 
the formation of the later folds, which, unfortunately, we do not know 
definitely. 

It is thought to be significant that the time of accumulation as thus 
fixed includes the time of the Appalachian revolution of southeastern 
Oklahoma and adjacent states. 


SOURCE OF OIL 


Having fixed, approximately at least, the date of accumulation of 
the oil, we have next to inquire as to its probable source. 

Three possibilities are to be considered, the first two being local and 
the third a distant source: (1) the Chattanooga shale and older rocks; 
(2) the Cherokee and Marmaton shales; and (3) a source in any of the 
foregoing or in other rocks, but far removed from the present fields— 
specifically, oil generated in southern and southeastern Oklahoma by 
the regional metamorphism induced by the Appalachian revolution. 

Gish and Carr, in describing the Garber pool,' give good reasons for 
the belief that most of the oil in the fields geologically associated with 
the Ordovician sediments came from Ordovician rocks. They state that 
a survey of such fields 
reveals that those pools which do not have Viola limestone as a cap rock for the 
“Wilcox” sand are characterized by oil and gas production in large amounts 
in the overlying Pennsylvanian and Permian rocks, while in a typical “‘ Wilcox” 
sand pool with its Viola limestone capping the producing sand, the prolific 


production is in the “Wilcox” sand and shallower production is the exception 
rather than the general rule. 


Gish and Carr’s argument, however, applies to the Ordovician as 
the channel of migration, but not necessarily as the ultimate source of 
the oil. 

Other writers have referred to the Chattanooga as the probable 
source rock, and still others to the Cherokee or both Chattanooga and 
Cherokee. 


CHATTANOOGA OR EARLIER ROCKS AS SOURCE OF OIL 


We may grant at the outset that the Chattanooga, and probably 
also the Ordovician rocks below, are sufficiently rich in organic material 
to have furnished all of the oil required, but if the Chattanooga or earlier 

‘Wesley G. Gish and Raymond M. Carr, ‘Garber Field, Garfield County, Okla- 


homa,” Structure of Typical American Oil Fields, Vol. I (Amer. Assoc. Petrol. Geol., 
1929), pp. 176-91. 
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rocks were the source of the oil in the Granite ridge pools, we must explain 
the following sequence of events. 

It has already been shown that the oil did not migrate to its present 
reservoirs until after Pennsylvanian deposition had begun. If the source 
was Ordovician, this means that the oil must have lain dormant in the 
sediments during the so-called biochemical stage shortly after their 
deposition; during the compaction which resulted from the deposition 
of the later Ordovician and Siluro-Devonian sediments; during the late 
Devonian period of uplift and widespread peneplanation; during Missis- 
sippian depression and sedimentation; during late Mississippian uplift 
and peneplanation; during the period of greatest folding of the region, 
namely, that which produced the Granite ridge structures; and during 
the beginning of Pennsylvanian sedimentation. Then, for some reason 
—and rather suddenly— the oil seems to have been generated and to 
have migrated to its present reservoirs during a period not marked by 
more than slight structural disturbance in the vicinity of the oil reser- 
voirs, and the migration seems to have been substantially completed 
before the beginning of the later period of folding.' 

If the Chattanooga were the source, the history would have been 
the same with the omission of the pre-Chattanooga stages. 

Such a history seems entirely unreasonable in view of our knowledge 
about oil origin and migration. It seems to exclude the Chattanooga and 
older rocks as the source of the oil in all theories of local origin; of origin 
as oil deposited with the sediments or as oil generated by biochemical 
agencies soon after deposition; and of origin and migration related to the 
initial compaction of the sediments. It does not, however, exclude these 
rocks as sources of the oil provided its generation from them was accom- 
plished by metamorphic agencies which began to be effective only after 
the deposition of the Pennsylvanian rocks. 

With reference to the Chattanooga as a possible source, it is conceiv- 
able that delay in the generation of oil from it may have been due to the 
fact that, so far as we know, the Chattanooga in this region was not deeply 
buried or heavily loaded with sediments until after the thick Pennsyl- 
vanian and Permian sediments had been deposited. We know that prior 
to Pennsylvanian time the Chattanooga was covered by 200-400 feet of 


‘The finding of small amounts of asphaltic material at the pre-Pennsylvanian un- 
conformity at Oklahoma City does not necessarily indicate that oil was migrating to 
these structures previous to Pennsylvanian time, because the Oklahoma City fold was 
not covered until late in Cherokee time, considerably after the disturbances of the 
Appalachian revolution had begun. If oil had migrated in quantity to these struc- 
tures before the Pennsylvanian cover was deposited it seems that asphaltic residues 
should be the rule rather than the exception. 
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Mississippian limestones, but we do not know how much greater a thick- 
ness of Mississippian deposits may once have been present and have been 
stripped off during the late Mississippian peneplanation. The amount 
may have been small, and if so, the Chattanooga must have been lightly 
loaded until after the Pennsylvanian sediments became thick. 

If oil is generated from the rocks merely as a result of their burial 
to depths of 5,000-10,000 feet without other metamorphic action, this 
may be a sufficient explanation of the delay in the formation of the oil 
from the Chattanooga. Even if this should be proved to be the true 
explanation, all of the theories, now so popular, requiring the generation 
of the oil soon after the deposition of the sediments, are still inadmissible 
under these conditions. 


CHEROKEE SHALE AS SOURCE OF OIL 


The oil obviously did not come into the Granite ridge pools in any 
considerable volume until after the Cherokee shales had been deposited. 
If it came from the Chattanooga or older rocks some mechanism such as 
that suggested in the foregoing paragraphs must be sought to account 
for its delayed appearance. 

The Cherokee has generally been considered to have been an impor- 
tant source of oil in the Mid-Continent region; it is present on or around 
most of the folds under discussion; and if it was the true source, the the- 
ories which require the generation and migration of oil in the early stages 
soon after the deposition of the sediments need not be discarded. 

If the Cherokee actually was the source of most of the oil in the pools, 
the following difficulties must be explained. 

1. In order to reach its present reservoirs the oil must have mi- 
grated mainly downward across and through the shale which now forms 
the seal which traps it, because the principal accumulations are in beds 
below the Cherokee instead of in beds above it as would naturally be 
expected. At Oklahoma City (Fig. 3) the pay zones extend as much as 
500 feet down into the Arbuckle limestone and are separated from each 
other by barren, tight streaks. At Oklahoma City, El Dorado, and a 
few other pools, faulting has thrown the Cherokee down against the lower 
rocks and some have argued that this has permitted oil from the Cher- 
okee to gain access to the older rocks without the necessity of having 
migrated downward through the present seal of the pools, but such an 
argument does not eliminate the difficulty, because not all of the fields 
show such faulting. In several fields, including Cushing, Tonkawa, 
Peabody, Elbing, and Florence, faulting seems not to have occurred. 
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2. The Cherokee does not form a suitable channel for lateral mi- 
gration to the structures. The enormous accumulations of oil in the 
pools require the contribution of oil from more than the immediate sur- 
roundings of the pool. 

3. If oil had been derived from the Cherokee in quantities sufficient 
to have produced the great accumulations found in the Granite ridge 
pools it should be found, as it has not been, in pools along the whole 
length of the Granite ridge north of El Dorado, for the Cherokee is 
present in the basin everywhere on the east side of the ridge. Oil also 
should be much more common than it is in the top of the “ Mississippi 
lime” throughout the Cherokee basin east of the Granite ridge, for the 
Cherokee is everywhere in contact with the top of that limestone, which 
is an eroded surface and is porous in many places. 

4. In the northern pools west of the Granite ridge—Elbing, Pea- 
body, Covert-Sellers, and Florence—the Cherokee, according to the 
writer’s interpretation, is absent. If present at all, only the upper few 
feet are represented. The Marmaton beds, which constitute the basal 
Pennsylvanian in this locality, are variegated red, green, and yellow 
clays with a little chert gravel at the base, grading up into darker, marine 
material. They are not probable source beds for oil. Even at El Do- 
rado and Oklahoma City only the upper part of the Cherokee is present, 
according to the authors who have described those fields. 

If the Cherokee is thin on most, and absent around several, of the 
Granite ridge pools, as seems to be the fact, the argument that it has 
been the source of the oil is still further weakened. 

5. There is no known reason for seeking a source for the “‘ Wilcox” 
sand oil in the Granite ridge pools different from the source in the scat- 
tered typical “Wilcox” sand pools on the east or in the prolific pools of 
the Seminole uplift; but all those pools have a considerable thickness of 
Ordovician, Siluro-Devonian, Chattanooga and other Mississippian 
rocks between the sands and the Cherokee shale and they show no ade- 
quate evidence that Cherokee oil came downward to the Ordovician 
sands. 

Considering all of the foregoing, and supplementing one line of 
evidence by another, we have strong reasons for thinking that the oil in 
the pools under discussion did not come primarily from the Cherokee 
shale anywhere in the vicinity of the pools. 

If the oil did not come from the Chattanooga or older rocks in the 
vicinity of the pools and did not come from the Cherokee, whence could 
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it have come? It remains to examine the third possibility, namely, that 
it came from outside the region in which the pools are found and mi- 
grated into them. 


POSSIBILITY OF DISTANT SOURCE 


Let us now consider the hypothesis that the oil now in the Granite 
ridge pools was generated by regional metamorphism during the Appa- 
lachian revolution of Pennsylvanian-Permian time in the areas in south- 
ern and southeastern Oklahoma which were being deformed, very deeply 
buried, and metamorphosed at that time. Its source rocks, according 
to this hypothesis, might have been any or all of the strata involved 
in the metamorphism from which oil could be generated by metamorphic 
agencies. “The Chattanooga shale, possibly the “Mississippi lime,” 
various members of the Simpson formation, and perhaps the Arbuckle 
limestone may have contributed to the total. The quantity of oil which 
would be produced by the devolatilization of the rocks in southeastern 
Oklahoma where carbon ratios were raised must have been very great. 

Migration out of the zone of generation could readily be accomplished 
through widespread, porous “carrier beds’’' of which two, the sheet 
sands of the Simpson formation (‘‘Wilcox’’ and Burgen sands) and, at 
least in part of-the area, the weathered top of the Arbuckle limestone, 
were conveniently near. To a less extent, the weathered top of the 
“Mississippi lime”’ may also have served as a carrier bed, though the 
evidence as to the present distribution of the oil indicates the “ Wilcox” 
as the principal carrier, with the Arbuckle as an important auxiliary. 

In the disturbed areas of southeastern Oklahoma entrance of oil 
into the carrier beds would have been easy, especially along faults, fis- 
sures, and veins such as the grahamite veins which are fairly common 
in that area.? 

The carrier beds lead from the disturbed areas to the present oil 
reservoirs, not only on the Granite ridge structures, but also on the 
Seminole uplift, and to the many “Wilcox” sand structures east of the 
Granite ridge pools. Furthermore, at the time when the oil migration 
seems to have occurred—in the Pennsylvanian, Permian, or soon there- 
after and before the present westward tilting of the region—movement 


‘John L. Rich, “Function of Carrier Beds in Long-Distance Migration of Oil,” 
Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 8 (August, 1931), pp. 911-24. 


2Joseph A. Taff, ““Grahamite Deposits of Southeastern Oklahoma,” U. S. Geol. 
Survey Bull. 380 (1909), pp. 286-97. 
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north and west in the carrier beds would have been up a strong dip out 
of the basin of southeastern Oklahoma." 

Thus, in considering the hypothesis that the oil in the Granite ridge 
pools originated in the metamorphosed area in southeastern Oklahoma 
during the Appalachian revolution, we find adequate cause for the gen- 
eration of large quantities of oil,? adequate carrier beds for its migration, 
and adequate reservoirs for its accumulation, all combined at a time 
which, according to all available independent evidence, was approxi- 
mately the time when the oil actually was generated, migrated, and 
accumulated. 

Furthermore, as will be explained more fully in a paper to follow, 
the distribution of oil in Kansas shows a distinct relation to the pre- 
Chattanooga outcrop of the Simpson and Arbuckle carrier beds* and 
a more marked relation to the Chautauqua-Barton arch‘ which, at the 
time when the oil migration is believed to have occurred, would have 
marked the approximate northern limit of possible migration, because 
oil migrating northward and westward out of the Oklahoma basin would 
have been trapped as it crossed that arch and, in the absence of strong 
artesian circulation directed northward, could not have descended into 
the Salina and Forest City basins north of the arch.s 

‘An interesting and useful study would be the reconstruction of the attitude of 
the “‘ Wilcox”’ sand at the time of greatest sinking of the geosyncline of southeastern 
Oklahoma. By combining the data on the thickness of the Pennsylvanian formations 


with those on the present regional westward dip it should be possible to restore, approx- 
imately, the former configuration of the basin. 


2John L. Rich, “Generation of Oil by Geologic Distillation during Mountain- 
Building,” Bull. Amer. Assoc. Petrol. Geol., Vol. 11, No. 11 (November, 1927), pp. 
1139-49. 


3As shown in the paper on carrier beds already cited, oil tends to work its way up 
out of the carriers at every opportunity, especially where fissures have been opened 
by structural disturbances, and to spread out in secondary migration in the higher 
beds. The function of the carriers is, therefore, that of channels for long-distance 
migration to the region. Details of oil distribution in the higher sands are believed to 
be governed by the presence or absence of the carrier beds below and by local condi- 
tions which have controlled secondary migration and accumulation in the higher sands. 


4John S. Barwick, op. cit. 


5The course of the saddle between the Chautauqua arch and the Barton arch is 
not clearly defined. The saddle is broad and relatively flat. Its position is best shown 
on the map of the distribution of pre-Mississippian rocks of Kansas and Oklahoma 
published by McClellan (0. cit.), where the presence of two subsidiary arches on the 
broad saddle is suggested, one of them following approximately the course of the line 
shown in Figure 1 and the other passing farther north through southern McPherson 
and Marion counties. 
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CONCLUSIONS 


Analysis of the evidence of the Granite ridge pools, considered as a 
whole and in relation to near-by “Wilcox” sand pools at the east and 
on the Seminole uplift, reveals many critical facts by which current 
theories of oil origin, migration, and accumulation can be judged in so 
far as they apply to those pools, and leads to the following tentative 
conclusions. 

1. The Chattanooga and older rocks in the vicinity of the pools 
could not have been the source of the oil unless the long delay in its 
generation can be satisfactorily explained. 

2. Many pertinent considerations indicate that the Cherokee 
shale in the vicinity of the pools was not the source of their oil. 

3. If the arguments against a Cherokee source are granted, all of 
the current theories which require the deposition of the oil as oil with the 
sediments, or its generation relatively soon after the sediments are de- 
posited, by the action of bacteria or other biochemical agencies, are 
definitely inadmissible for these pools. The same is true for theories of 
oil migration which depend on the agency of water squeezed out of shales 
by their initial compaction. 

4. The theory that much of the oil may have come from the Chat- 
tanooga shale and that the delay in its appearance was due to the Chat- 
tanooga never having been heavily loaded until after Pennsylvanian 
and Permian sedimentation, deserves careful consideration because, if 
true, it indicates that loading alone, without burial to extreme depths, 
may be sufficient to cause the generation of oil. This theory does not 
fit all of the facts in the Granite ridge pools and those east and south- 
east, but it does not seem to be definitely excluded. 

5. The hypothesis that the oil was generated by geodynamic and 
geothermal “cracking” of the organic source materials outside the 
vicinity of the present pools and migrated to them through porous carrier 
beds seems to accord with all of the known facts, not only in the Granite 
ridge pools, but also in those at the east and on the Seminole uplift. It 
accords also with the observations of Gish and Carr" which led them to 
believe that most of the oil originated in the Ordovician rocks. As al- 
ready pointed out, however, the Ordovician acted as the carrier, but 
was not necessarily the source of the oil. This theory also offers a sug- 
gestive and logical explanation of the distribution of oil in Kansas as 
known to date. 


and Carr, op. cit. 
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6. On the whole, the evidence strongly favors the idea that oil is 
generated by geodynamic and geothermal “cracking” of organic source 
materials in the rocks, rather than that it was deposited as oil or pro- 
duced by bacterial or other biochemical changes. 


DISCUSSION 


James H. GarDNER, Tulsa, Oklahoma (written discussion received, Sep- 
tember 12, 1931): Mr. Rich has furnished a very interesting and valuable 
contribution on oil accumulation. There has been very little information here- 
tofore in geologic literature about the time of accumulation of oil and gas on 
structures. But there has been considerable thought devoted to the subject 
and there have been many informal discussions between individuals and in 
meetings of geological societies in the Mid-Continent region. 

Subsurface work in detail has traced the geologic history of many domes 
and anticlines in their relation to periods of local folding, erosion, and uncon- 
formity in deposition of sediments on and around them. In addition to such 
local cycles, the regional history of folding, erosion, and unconformities of 
overlap is continually being more clearly defined, not only in the Mid-Conti- 
nent, but elsewhere. The present drilling of wells with careful sampling of 
rock cuttings and paleontologic determinations is producing a wealth of data on 
geologic history which could not have been obtained in any other way. There- 
fore it is timely to be discussing in printed literature what bearing these data 
have on the approximate, or relative, age of accumulation of oil and gas de- 
posits in certain areas. 

Concerning the area discussed, I have previously drawn the same con- 
clusion as the one here made by Mr. Rich, to the effect that oil and gas now in 
the pre-Mississippian rocks were certainly accumulated in post-Mississippian 
time, and probably in post-Pennsylvanian time. Some geologists think they 
have been accumulating constantly through all the time since the earliest 
folding, but I seriously differ from them and find an absence of evidence of 
continuous accumulation for the same reason that I find evidence to the con- 
trary on migration from a long distance. 

Mr. Rich has made some logical deductions regarding the circumstances 
in the Granite ridge pools and it seems to me that the facts justify the conclu- 
sion that oil accumulations either are strictly local in origin or else the source 
is far removed. He takes the view of distant origin. In fact he postulates a 
nature’s oil-shale refinery at a distant point of metamorphism and a trans- 
portation system, not unlike a broad pipe-line system, through “carrier beds” 
to the local structures. It seems to me that he is forced by his own well-reasoned 
analysis to a very extreme explanation and that he has overlooked important 
evidence against his conclusion. 

We must here consider the relation of local structure and local unconformity 
to regional structure and regional unconformity and take note of the hiatuses 
of the erosion periods in order to disprove the author’s theory. Let us take 
the Garber and Cushing district, for example, and run back the geologic calendar 
and strip off all subsequent strata down to the hiatus at the beginning of Chat- 
tanooga time. Here we find erosion has worked regionally to truncate and pene- 
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plane the pre-Chattanooga rocks down to the Arbuckle limestone of the Ordo- 
vician and older rocks so that the Chattanooga shale was deposited across them 
by overlap. The strike of this old buried outcrop is northwest-southeast and 
the strata beneath the Chattanooga dip southwest into a regional basin. 
The Chattanooga and higher beds seal the structural grain of the older forma- 
tions below and the Simpson sands and others rise out of the basin and terminate 
against the bottom of the Chattanooga shale. ‘This condition supplies an ideal 
trapping ground, similar to a shore line, for any oil and gas accumulations that 
might have come up-dip out of the basin either by differential gravity or cir- 
culating fluids through the postulated “carrier beds” of the porous Simpson 
sands. This structural overlap in a broad area has remained undisturbed 
since Chattanooga time and persisted through all subsequent “revolutions,” 
local uplifts, and erosion periods, including the hiatus at the beginning of Penn- 
sylvanian time and after that. The point is this: if a sufficient amount of oil 
and gas has risen out of the basin so that local structures by reason of their 
small interception of the flow have been filled thereby, the inference is that by 
far the major amount of oil and gas passed on by them and went ahead up-dip. 
The local structure would have gathered only a sample, as a barrel, with its 
open end to windward, would gather sand in a drifting storm. The tremendous 
amount of oil and gas that went ahead up-dip would have been trapped at the 
boundary of the “carrier beds” and would have made oil pools of regional 
extent. The time of the accumulation would have been any time, or all the 
time, since the deposition of the Chattanooga shale which sealed the old out- 
crop. It seems to me that this is a foregone conclusion. Such regional pools 
would have been so large that the intensity of past exploration in drilling could 
not have failed to bring them to light, for such drilling has been closely enough 
spaced to have defined the line where the “‘carrier beds”’ rise against the over- 
lap. We are safe in concluding, therefore, that this assumed principle of broad 
accumulation was not at work in this area, and I think that the same line of 
deduction applies with even more potency in the salt-dome area of the Gulf 
Coast. 

I agree with Mr. Rich in his analysis of the circumstances that seem to 
exclude the Chattanooga shale and the Pennsylvanian shales as local “‘source 
rocks.” But I disagree with his theory of origin from distant ‘‘source rocks,” 
and in fact I am unwilling to use the term “source rocks” except in quotation 
marks. 

Therefore I am forced to conclude from these and other circumstances of 
oil and gas occurrence in local pools, that the source of oil and gas in pools, re- 
gardless of the variations of local structural conditions in which they occur, is 
in some way confined to the immediate area in which such poois now exist. I 
am further forced to conclude, on the basis of present knowledge, that the source 
of origin of these hydrocarbon compounds, both liquid and gaseous, and their 
occasional companions, helium and carbon dioxide, together with their content 
of rare elements and their chemical natures, are still unknown. There is strong 
evidence of nearly vertical migration in many pools from one stratum to another 
either by retention or loss of hydrostatic pressure, depending on the amount of 
water and its release of pressure. Some fluids and gases are too high in pressure 
for their depth, and some are too low. It is not exceptional to find a distinctive 
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oil peculiar to one structure, having approximately the same quality in strata 
ranging from the Permian down to the Ordovician, thus indicating a common 
deep source; for example, the Garber pool, Oklahoma. This indicates open 
cross-fracturing through beds that do not have a fractionating influence such 
as might be true at other places. Just how deep we may look for the source, 
and the re-supplying from below, of previously eroded sands with, or following, 
each periodic uplift, remains an open question. In some places the oil- and gas- 
bearing sands lie over a local structure and in others they flank a structure 
ranging in size from a salt plug, or a restricted, buried inlier, to the flanking 
of a fold like the Sabine dome. There remains, however, for serious consider- 
ation, the possibility of a source deeper than any of the strata which now con- 
tain the accumulations. 

Mr. Rich has furnished an extremely interesting thesis, and is to be com- 
plimented on it, but in my opinion its chief value lies in his points of exclusion 
of previous theories, and I agree with him as to that part of the paper. But I 
do not accompany him in his journey to a far country for his “source-rock” 
refinery and his long transportation system. I believe that regional metamor- 
phism has dissipated oil deposits just as it has increased the carbon ratio of 
coal. Whatever the origin and source may have been at a previous time, meta- 
morphism in the mountain areas has progressed to the point of destroying oil, 
but I see no possibility of going there for the primary source of oil supplies now 
found on local structures far out in the basins. I firmly believe that separate 
oil-bearing structures are distinct units, and the lack of a solution of the problem 
of why one bears oil in large quantity and another like it in the same general 
district does not, indicates only our lack of information on conditions beneath 
and immediately surrounding them, and does not indicate the time of folding. 

Many producing structures would have been too young to contain oil 
fields on the theory that oil migrated out of the area before they were produced. 
On that theory, many of the large pools on recently formed faults would not 
have existed, for example, the Powell-Mexia fault trend in Texas. The oil ac- 
cumulations are either coincident with, or later than, the structures which 
contain them and this fact signifies that many of them are very recent. Accu- 
mulation coincident with each period of folding is strongly suggested in the 
circumstances of occurrence as well as an unknown deep-seated source. 


W. B. Witson, Tulsa, Oklahoma (written discussion received, September 
16, 1931): Petroleum geologists continue to disagree more widely concerning 
the extent to which migration has caused oil accumulations than concerning 
almost any other of the unsolved problems of our profession. Recent articles 
have indicated that the pendulum is now swinging to the belief that migration 
of even a local character has played no more than a negligible part in filling 
reservoirs. Dr. Rich belongs to the opposition and has long stressed the prob- 
able importance of oil migration on a regional scale and in this paper he attempts 
a practical application of that principle. 

The present writer favors a middle ground. He believes available evidence 
favors the conclusion that much migration may be measured in miles, but he 
is not willing to admit that the facts indicate the probability that oil being re- 
covered in the El Dorado, Kansas, field ever came from the Ouachita Mountain 
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region. Dr. Rich does not claim that the evidence amounts to proof or that he 
is presenting more than a “suggested hypothesis.” 

In considering the oil pools of the world, one can not fail to be impressed 
with both their geological and geographic range. They are found in stata 
ranging in age from Ordovician to late Tertiary. The area that is proved or 
probable for oil production is certainly comparable in extent with the area in 
which coal is found. This widespread distribution of oil indicates a great 
variety of conditions under which the source materials of oil have been formed 
and preserved and an equally great variety of conditions under which oil may 
be trapped and accumulated in commercial quantities. Especially, the wide- 
spread distribution of oil indicates its origin in many local sources rather than 
in comparatively few centralized sources, such as the Ouachitas. If the Cher- 
okee or Chattanooga shales are not entirely satisfactory as source beds for the 
oil at El Dorado, Kansas, at least their proximity to the pool favors them. 

That the generation of oil is not contingent on, and perhaps not even favored 
by, intensive orogeny, development of high carbon ratios, et cetera, down-dip 
from present reservoirs, seems evident from consideration of such oil pools as 
those on the flanks of the Powder River and Big Horn basins of Wyoming. 
It is generally believed that the sources of oil from these pools have either been 
local or farther down in the basins. Certainly there has been no post-Cretaceous 
orogeny of the Ouachita type in these areas basinward from the pools. More- 
over, there is no reason to believe that there has been late Tertiary orogeny 
in the Gulf Coast area to generate the Miocene oil so plentifully developed there. 
The inference is that if intensive orogeny was not needed to generate oil in the 
Cretaceous beds of Wyoming, or in the Tertiary beds of the Gulf Coast, neither 
was it required to develop oil in the Paleozoic beds of Oklahoma and Kansas. 

If the source of oil in the remote Granite ridge pools was indeed in the 
Ouachitas, the fact should be supported by quantitative distribution of the oil. 
Traps in the so-called carrier beds that were nearest the Ouachitas should have 
been filled, and filled to overflowing, as the oil flood passed, and they should 
still be filled except where leakage into shallower beds or to the surface has 
subsequently occurred. No such conditions exist. The traps nearest the 
mountains are not filled to their synclines and there are many structures, such 
as Cromwell, that are not filled at all in the Simpson reservoirs. Instead of 
the Hunton arch being one giant oil field, as its proximity to the source would 
have favored, production there is limited to partly filled local reservoirs, a con- 
dition similar to that in more distant structural traps. 

Dr. Rich’s belief that the barrenness of the Beaumont and Dexter anticlines 
is related to the age of folding seems reasonable. However, the age of the 
folding in these anticlines can not be placed closer than post-Pennsylvanian 
and pre-Quaternary. They may very well have been folded after the western 
tilting of the strata away from the Ozark uplift occurred. Under such 
conditions the structures could not have trapped eastward-moving oil that was 
generated. by the regional tilting and by the loading and folding in the Ana- 
darko basin. On the contrary, the Granite ridge reservoirs would have been 
present to trap such oil and would have been advantageously located to do so 
over any structures present toward the east. It is the present writer’s belief 
that the source of oil in the Granite ridge pools was on the west if, indeed, it 
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came from any far distant place. The attempt to locate the source in the 
Ouachitas seems to introduce more difficulties than it explains. 


Joun L. Ric (discussion received, September 28, 1931): I refer to the 
fifth paragraph of the discussion by Mr. Gardner. In arguing that if the oil 
had migrated for long distances we should find large accumulations at the up- 
dip margins of the older formations beneath the Chattanooga cover, Gardner 
is unintentionally presenting an argument in favor of such migration for, as 
will be shown in a forthcoming paper already referred to, on the distribution of 
oil in Kansas, it seems that the distribution of oil pools in Kansas corresponds 
in a remarkable way with the up-dip termination of the Simpson sands against 
the Chattanooga cover and with the regional structure caused by pre-Chatta- 
nooga arching. It is true, however, that we do not find the great and contin- 
uous pools which Gardner thinks should occur in such situations. I would 
seriously question his argument that in order that the producing structures 
should have been filled as they are, enormous quantities of oil must have passed 
by them up the dip. He overlooks, I think, the effect of fissured structures in 
gathering oil to themselves from all directions because they furnish paths for 
upward movement of rock fluids. Also the fact should be borne in mind that 
the up-dip margin of the lower formations to which he refers lies in the northern 
part of Oklahoma, so that oil, to reach it, must have passed, and escaped being 
trapped by, all the structures between there and its postulated source in the 
southern part of the state. 

The following is in reply to the discussion by Mr. Wilson. The question 
of the degree of orogeny, or, perhaps, of loading alone, required for the genera- 
tion of oil, deserves thorough study. In the case of the Chattanooga shale as a 
source of the oil in the Granite ridge pools the evidence was found to indicate 
either (1) that the Chattanooga was not the source of the oil or (2) that genera- 
tion of oil from it awaited the time when it became heavily loaded by later 
sediments.” I would question reference to the Big Horn basin as a region where 
orogeny has not been a factor in the generation of the oil, for the basin as a 
whole is located in a region which was involved in intense Rocky Mountain 
orogeny. 

Even if oil may be generated by heavy loading without marked orogeny, 
we should not, it seems to me, overlook the possibility, not to say the necessity, 
of its having been generated in much greater quantities where, as in southern 
Oklahoma, strong orogenic activity accompanied by devolatilization of the 
sediments has occurred. 

The question of the complete filling of the structures near the Ouachita 
Mountains is pertinent, but conclusions from that line of evidence will be open 
to question unless due consideration has been given to closure on the structures 
restored as they were at the time of the Ouachita orogeny, when the dips out 
of the geosynclinal basin must have been much steeper than now, and before 
the westward tilting of the region had occurred. Ina case like that of the Crom- 
well pool, absence of oil in the Simpson reservoirs may mean merely that the 
oil escaped upward along fissures. 

‘John L. Rich, ‘Function of Carrier Beds in Long-Distance Migration of Oil,” 


Bull. Amer. Assoc. Petrol. Geol., Vol. 15, No. 8 (August, 1931), pp. 911-24, especially 
pp. 918-19. 
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MEMBERSHIP APPLICATIONS APPROVED FOR PUBLICATION 


The executive committee has approved for publication the names of the 
following candidates for membership in the Association. ‘This does not con- 
stitute an election, but places the names before the membership at large. If 
any member has information bearing on the qualifications of these nominees, 
he should send it promptly to J. P. D. Hull, business manager, Box 1852, Tulsa, 
Oklahoma. (Names of sponsors are placed beneath the name of each nominee.) 


FOR ACTIVE MEMS3ERSHIP 


William Torris Barret, Shreveport, La. 

O. C. Loester, Jr., Paul Weaver, J. Y. Snyder 
Arthur Raymond Fosdick, Tyler, Tex. 

Edwin B. Hopkins, F. S. Prout, C. N. Housh 


FOR ASSOCIATE MEMBERSHIP 


Alan Hartman McClain, Charleston, W. Va. 
George L. Ellis, George W. LaPeire, J. E. Billingsley 


TULSA MEETING, DECEMBER 29-31, 1931 


The Geological Society of America, holding its forty-fourth annual meet- 
ing, at Tulsa, Oklahoma, December 29, 30, and 31, at the invitation of the Tulsa 
Geological Society, has invited the Association to participate in the meeting. 
Registration and scientific sessions will be at the Mayo Hotel. Other organ- 
izations joining in the meeting are the Paleontological Society, the Mineralog- 
ical Society of America, the Society of Economic Geologists, and the Society 
of Economic Paleontologists and Mineralogists. Detailed announcements 
and a schedule of events have been mailed to all members and associates. 


OKLAHOMA CITY MEETING, MARCH 24-26, 1932 


The dates of the seventeenth annual meeting of the Association have been 
changed to March 24, 25, and 26, 1932, a week later than previously announced, 
in order to allow more time for the completion of the Oklahoma Biltmore 
Hotel, which has been selected as headquarters. General supervision of the 
convention will be in the hands of the executive committee of the Association, 
as usual. Local arrangements will be made by the Oklahoma City Geological 
Society convention committee, composed of Irving Perrine, chairman, W. H. 
Atkinson, J. T. Richards, A. H. Richards, G. C. Maddox, and Robert M. 
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Whiteside. The technical program is being planned by F. H. Lahee, third 
vice-president in charge of editorial work, Box 2880, Dallas, Texas. Papers 
on the geological aspects of petroleum engineering will be special features. In 
the miscellaneous group will be included papers on the Oklahoma City field 
and the East Texas field. Members planning to contribute papers should 
communicate with F. H. Lahee or the associate editors. 

Special, reduced railroad rates will be available. 


EXECUTIVE COMMITTEE MEETINGS, HOUSTON, OCTOBER 3, AND 
DALLAS, OCTOBER 81, 1931 

The executive committee met at Houston, Texas, October 3, and at Dallas, 
Texas, October 31, 1931. Members present were: president L. P. Garrett, 
Houston; past-president Sidney Powers, Tulsa; second vice-president Frank 
R. Clark, Tulsa; and third vice-president F. H. Lahee, Dallas; first vice-presi- 
dent L. C. Decius present by proxy. Among other items, the committee made 
arrangements for the mid-year meeting of the Association with The Geological 
Society of America at Tulsa, December 29-31, 1931, and for the seventeenth 
annual meeting of the Association at Oklahoma City, March 24-26, 1932, 
changing the dates of the latter meeting to one week later than announced in 
previous notices, to allow time for completion of the Oklahoma City Biltmore 
Hotel as convention headquarters. It was agreed to print a special paper- 
cover separate volume of geophysical papers published in the November and 
December Bulletin. The price for this reprint is $2.00 to members and asso- 
ciates; $2.50 to non-members. Economies were arranged for all Association 
business. 
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ASSOCIATION COMMITTEES 


EXECUTIVE COMMITTEE 


Lovic P. Garrett, chcirman, Gulf Production Company, Houston, Texas 

FRANK RINKER CLARK, secrelary, Mid-Kansas Oil and Gas Company, Tulsa, Oklahoma 
Sipney Powers, Box 2022, Tulsa, Oklahoma 

L. Courtney Dectus, Associated Oil Company, San Francisco, California 

F. H. Lawes, Box 2880, Dallas, Texas 


GENERAL BUSINESS COMMITTEE 


R. S. McFarLanp (10932), chairman, 735 Philcade Building, Tulsa, Oklahoma 
Davin DonoGuueE (1932), vice-chairman, 1116 Fort Worth Natl. Bank Building, Fort Worth, Texas 


C. A. Barrp (1933) R. C. Moore (1932) 

S. P. BorDEN (1932) Joseru E. Morero (1933) 
J. P. BowEN (1932) Joun M. NisBeEt (1932) re 
R. Crare Corrin (1933) Ep. W. Own (1933) 
Victor CoTNER (1932) LEon J. PEPPERBERG (1933) 
L. Courtney Dectus (1932) Srmpney Powers (1932) 

H. B. Fuqua (1933) R. D. REED (1933) 

Lovic P. GARRETT (1933) A. H. Ricwarps (1933) 

S. A. GRoGAN (1933) Scott (1932) 

W. R. Hamitton (1933) F. C. SEALEY (1932) 

J. B. HEADLEY (1933) S. C. STaTHERS (1933) 
Harry R. JoHNsOoN (1933) Storm (1932) 

L. W. Kester (1933) H. J. Wasson (1933) 

R. S. KNapPEN (1933) THERON WASSON (1933) 
Freperic H. LAwEE (1932) Joun F. WEINZIERL (1933) 
C. R. McCottom (1932) R. B. Warreneap (1932) 


H. D. Miser (1932) 


RESEARCH COMMITTEE 


ALex. W. McCoy (1932), chairman, 919 East Grand Avenue, Ponca City, Oklahoma 
Donan C. BARTON (1933), vice-chairman, Petroleum Building, Houston, Texas 


C. R. FetrKe (1932) W. C. SPOONER (1932) K. C. HEALD (1934) 
A. I. LEvorsEN (1932) W. E. WRaATHER (1932) F. H. LAwEE (1934) 
Powers (1932) W. T. Tuom, JR. (1933) H. A. Ley (1934) 

R. D. REED (1932) F. M. Van Toyt (1933) R. C. Moore (1934) 
L. C. SNmwER (1932) M. G. CHENEY (1934) F. B. Plummer (1934) 


CONSTITUTION AND BY-LAWS 
Frank R. Criark, chairman, Box 2064, Tulsa, Oklahoma 
F. H. LAwEE R. S. McFarLanp 


REPRESENTATIVES ON DIVISION OF GEOLOGY AND GEOGRAPHY 
NATIONAL RESEARCH COUNCIL 


R. C. Moore (1933) Smpney Powers (1934) 


REPRESENTATIVES ON NATIONAL STRATIGRAPHIC NOMENCLATURE COMMITTEE 
A. I. LevorseEn, chairman, 1740 South St. Louis Avenue, Tulsa, Oklahoma 
M. G. CHENEY C. J. Hares 
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AT THE LAMAR HOTEL. FREQUENT SPECIAL MEETINGS 
CALLED BY THE EXECUTIVE COMMITTEE. FOR ANY 
PARTICULARS PERTAINING TO MEETINGS CALL THE 

SECRETARY. 


NORTH TEXAS 
GEOLOGICAL SOCIETY 
WICHITA FALLS, TEXAS 


PRESIDENT - - - - - R. A. BIRK 
BRIDWELL OIL COMPANY 


VICE-PRESIDENT - - CHARLES A. DAUBERT 
1205 CITY NATIONAL BANK BUILDING 


SECRETARY-TREASURER - VERNON E. AUTRY 
HUMBLE OIL AND REFINING COMPANY 


MEETINGS: SECOND FRIDAY, EACH MONTH, AT 6:30 P.M. 
LUNCHEONS: FOURTH FRIDAY, EACH MONTH, AT 12:15 P.M. 
PLACE: HAMILTON BUILDING 


PANHANDLE 


GEOLOGICAL SOCIETY 
AMARILLO, TEXAS 
PRESIDENT - - 7 J. D. THOMPSON, Jr. 
ROOM 3, AMARILLO NATIONAL BANK BUILDING 
FIRST VICE-PRESIDENT H. T. MORLEY 
STANOLIND OIL AND GAS COMPANY 
SECOND VICE-PRESIDENT J. V. TERRILL 
GULF PRODUCTION COMPANY 


SECRETARY-TREASURER - - A. R. KAUTZ 


EMPIRE GAS AND FUEL COMPANY 


MEETINGS: FIRST AND THIRD THURSDAY NOONS, EACH 
MONTH. PLACE: ROSE BOWL TEA ROOM, 


WEST TEXAS GEOLOGICAL 


SOCIETY 
SAN ANGELO, TEXAS 


PRESIDENT - - - R. L. CANNON 
CANNON AND CANNON, SAN ANGELO 


VICE-PRESIDENT - - JOHN EMERY ADAMS 
THE CALIFORNIA COMPANY, MIDLAND 


SECRETARY-TREASURER - H. A. HEMPHILL 
UNIVERSITY OF TEXAS LAND SURVEY, SAN ANGELO 


MEETINGS: FIRST SATURDAY, EACH MONTH, AT 7:30 
P. M., ST. ANGELUS HOTEL. LUNCHEON: THIRD 
SATURDAY EACH MONTH AT 12:15. 


THE SOCIETY OF 
PETROLEUM GEOPHYSICISTS 


HOUSTON, TEXAS 


PRESIDENT ~ DONALD C. BARTON 
1514 PETROLEUM BUILDING 
HOUSTON, TEXAS 
VICE-PRESIDENT 7 7 - G. H. WESTBY 
EMPIRE OIL AND REFINING COMPANY 
BARTLESVILLE, OKLAHOMA 
EDITOR - - - - - PAUL WEAVER 
GULF PRODUCTION COMPANY 
HOUSTON, TEXAS 
SECRETARY-TREASURER - JOHN F. WEINZIERL 
607 PETROLEUM BUILDING 
HOUSTON, TEXAS 


WEST VIRGINIA 


CHARLESTON 
GEOLOGICAL SOCIETY 
CHARLESTON, WEST VIRGINIA 
PRESIDENT - WILLIAM O. ZIEBOLD 
517 KANAWHA VALLEY BUILDING 
VICE-PRESIDENT - J. E. BILLINGSLEY 
1108 UNION BUILDING 
SECRETARY-TREASURER - 1G. GRETTUM 
306 UNION BUILDING 
MEETINGS: SECOND MONDAY, EACH MONTH, AT 6:30 

P. M., RUFFNER HOTEL. 
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Verlag von Gebriider Borntraeger in Berlin W35 (Deutschland) 


Erd 0 | . Allgemeine Erdélgeologie und Uberblick iiber die Geologie der Erdél- 
felder Europas von Dr. O. Stutzer, o. 6. Professor fiir Brennstoffgeologie an der 
Bergakademie Freiberg (Sa.). Mit 199 Textabbildungen (XVI u. 628 S.) 1931 

Gebunden, $15. 


SpecraL Price To A. A. P. G. MEMBERS, $11.25 


Verfasser, der viele Olfelder kennengelernt hat, behandelt im vor- 
liegenden Bande allgemeine Fragen der Erdélgeologie. Dann gibt er 
einen Uberblick iiber die Erdéllagerstatten Europas einschleisslich Russ- 
lands. Das Buch ist fiir alle bestimmt, die fiir Erdél Interesse haben 
und die umfangreiche Literatur nicht verfolgen kinnen. 


Ausfiihrliche Verlagsverzeichnisse kostenfrei 


Special Prices 
BULLETIN BOUND VOLUMES 


Each member, associate, and subscriber is entitled to one copy of the cloth-bound 
volume (12 months) of the Bulletin of any year for which the supply is available, in 
addition to his regular subscription for that year (current monthly numbers). The 
charge for this extra copy is only $4.00 each for Volumes 11, 12, 13, and 14. A few 
earlier volumes are available at special prices. Orders will be filled as received, but 
the supply is limited. 

Use your monthly paper-cover copies for convenient separate filing by subjects, 
states, or special items. Bulletin articles do not overlap on the printed page,—a special 
arrangement for convenience in separating and filing according to individual needs. 


USE THE PAPER-COVER BULLETIN FOR SPECIAL PURPOSES. SAVE 
YOUR EXTRA COPY (CLOTH BOUND) FOR YOUR REFERENCE LIBRARY. 
FILL THE GAPS ON YOUR BULLETIN SHELF. THE ASSOCIATION HAD 
THESE VOLUMES BOUND FOR YOU AT A LOW PRICE. 

ONE VOLUME TO EACH MEMBER, ASSOCIATE, OR SUBSCRIBER 
SPECIAL PRICE, $4.00, POSTPAID 
(The regular price to non-members and non-subscribers is $17.00) 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma 


Please use coupon on last page of advertisements in answering advertisers 
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The 


BREWSTER 
AUTOMATIC 
CORE DRILL 


for SOFT or HARD 
FORMATIONS 


The success in coring a soft formation 
depends on using a core barrel that will 
allow the soft sand to enter the inner bar- 
rel without resistance. 


The Brewster Automatic Core Barrel fills 3 a 


this long felt need. It will obtain perfect U 4 

cores in both soft and hard formations. ‘ 
The core is easily removed by use of the . 
split liner and is in the relative position as 7h | 


it is cut. 

The Brewster Automatic Core Barrel is 
deserving of its name. The valve is set 
when going in and allows free washing of 
the inner barrel. When coring is begun 
the valve is automatically closed, forcing 
the water through the core cutter. 


The ball valve at the top has no weight 
on it; thus a soft formation can easily enter 
the inner barrel. A port in the side allows 
air and water to pass out. 


Made in All Sizes and 
Lengths 
Write or Wire for 
Catalogue 


COMPANY-INC. 


Shreveport.Louisiana 


Please use coupon on last page of advertisements in answering advertisers 
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Just off the press-- 


Transactions, Petroleum 
Development and 
Technology, 1931 


65 papers 6 chapters 657 pages 

Unit operation of oil pools; production engineering; 

engineering research; domestic and foreign production; 

economics; refining summary; the proceedings of the 

meetings of the Petroleum Division at Tulsa and Los 
Angeles, 1930, and New York, 1931. 


Cloth bound, $5.00 to Non-members 
Canadian and Foreign Postage $0.40 extra 
Published by the 
AMERICAN INSTITUTE OF MINING AND METALLURGICAL ENGINEERS 
29 West 39th Street New York, N. Y. 


The Secretary, A.I.M.E. 
29 West 39th St., New York, N. Y. 


Please send me............ copies of Transactions, Petroleum Development and Tech- 
nology, 1931. I enclose my check for $_................. 
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The Geologist’s Time » » 
« « is VALUABLE Time 


When he is wanted, he is wanted in a hurry, 


and if he is not there he is holding up the works. 
SPEED COUNTS! 


The Oil Capital of the World, the home of the A.A.P.G. 
and of the International Petroleum Expo- 
sition, is also one of the world’s 


BEST KNOWN AIR CENTERS 


This combination of attractions and advantages makes Tulsa the ideal 
place for the geologist to live and have his offices. 


Write for descriptive literature to 


TULSA CHAMBER OF COMMERCE 
TULSA, OKLAHOMA 


Please use coupon on last page of advertisements in answering advertisers 
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A Subscriber Writes: 


“‘T wish to inform you that I find 
your journal full of most valuable 
information from start to finish and 
I am only sorry that I did not sub- | 
scribe sooner.’’ 


You, too, will find much information of interest and value in 


The OIL WEEKLY 


If you read the “Office copy,” why not have a copy sent to your home where 
you can read it at your leisure? The cost is only $1.00 a year. Use the attached 
order blank—NOW. 


The OIL WEEKLY 


P. O. BOX 1307 HOUSTON, TEXAS 


Enter my name for one year’s subscription to The OIL WEEKLY, for which you will find enclosed 
check for $1, as payment in full. 


(BE SURE TO STATE COMPANY AND POSITION, otherwise it will be necessary for us to 
hold up entering your subscription until we can get this information from you.) 


Please use coupon on last page of advertisements in answering advertisers 
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Last Opportunity! 


STRUCTURE OF TYPICAL AMERICAN OIL FIELDS 
VOLS. I-II 


Now PRICE, $4.00 EACH, TO MEMBERS AND ASSOCIATES 


This valuable collection of geological data is increasing the enviable scientific reputation of the 
Association. It is a distinctive publication. Only a few of these important papers are published 
in the Bulletin. Members and associates now have the opportunity of securing one of these books 
at $4.00 per.copy. 


Volume I, 510 pp., rgo illus. Cloth. Price to non-members, postpaid, $5.00 
Volume II, 780 pp., 235 illus. Cloth. Price to non-members, postpaid, $6.00 


S AFTER JANUARY 1, 1932, THE PRICE OF EACH WILL BE $5.00 
oon TO MEMBERS AND ASSOCIATES 


Price to non-members: after January 1, 1932, Vol. I and Vol. II each $7.00 


The American Association of Petroleum Geologists 
BOX 1852, TULSA, OKLAHOMA, U. S. A. 
London: Thomas Murby & Co., 1, Fleet Lane, E. C. 4 


JOURNAL OF SEDIMENTARY PETROLOGY 


The Journal of Sedimentary Petrology is devoted to a field in geology that is rapidly 
growing in importance, one that has such far-reaching scientific and economic significance that 
no alert geologic worker can afford to be ignorant of it. The subject matter of this Journal is 
the physical characters and origin of sediments. For the first time there is now offered a 
publication dealing solely with the processes of sedimentation, the nature and distribution of 
heavy minerals, insoluble residues and other constituents of sedimentary rocks, the significance 
of textural features,—in fact, all matters related to the genesis and later history of sedimentary 
formations. 


The editorial staff includes leaders in America and Europe on study of the sediments: 
P. G. H. Boswortu, London, England 
M. A. Hanna, Houston, Texas 
H. B. Miner, London, England 
R. C. Moore, Lawrence, Kansas 
R. D. Reep, Los Angeles, California 
C. S. Ross, Washington, D. C. 
A. C. Trowsrince, Iowa City, Iowa 
W. H. Twennoret, Madison, Wisconsin 


The Journal of Sedimentary Petrology is now issued twice a year, in May and November. 
The subscription price is $3.00 per year, prepaid to addresses in the United States, Mexico, 
Cuba, etc.; for Canada, 20 cents additional for postage. Members of the Association may secure 
this Journal at $2.00 per year on becoming members of the Society of Economic Paleontologists 
and Mineralogists. 


Send orders to 
GAYLE SCOTT, 


Texas Christian University, Fort Worth, Texas 


Please use coupon on last page of advertisements in answering advertisers 
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REVUE DE GEOLOGIE 


ET DES SCIENCES CONNEXES 


Monthly review of geology and connected 
sciences under the auspices of 
Socr£TE GEOLOGIQUE DE BELGIQUE 

with the collaboration of 

The American Mineralogist, Société 
Géologique de France, Service Géol- 
ogique de Pologne, Comitato della 
Rassegna di Geologia, Several Official 
Geological Surveys, Australian Sci- 
ence Abstracts, Bureau d’Histoire 
Naturelle de Prague, and numerous 
Geologists of all parts of the World. 


GENERAL Orrice of the “ Revue de Géologie” 


Institut de Géologie, Université de Liége, 
Belgique 


TREASURER of the “Revue de Géologie” 
35, Rue des Armuriers, Liége, Belgique 


Prices: Vol. I (1920) $10.00, Vol. II (1921) $8.00 
Vol. IIT (1922) $7.50, Vol. IV’ (1923) $7.00, Vol. V 
(1924) $6.50, Vol. VI (1925) $6.00, Vol. VII (1926) 
$s.75, Vol. VIII (1927) $5.50, Vol. IX (1928) $5.25, 
Vol. X (1929) $5.25, Vol. XI (1930) $5.00 (subscrip- 
tion price). Moderate extra rate for cover if wanted. 


SAMPLE COPY SENT ON REQUEST 


A New Book 


Physiography of 
Western United States 


By 
NEVIN M. FENNEMAN 
Professor of Geology 
University of Cincinnati 


The purpose of this book is to summarize 
the present knowledge of the physiography 
of western United States, describing the 
land forms and giving their history. 


xiii + 534 pages, 6 X 9g inches, 174 illus- 
trations, cloth. 
PRICE, $5.00 


Order from 
The American Association of 
Petroleum Geologists 
Box 1852 Tulsa, Oklahoma 


SYMPOSIUM 
-ON- 


GEOPHYSICS 


Tur geophysical 
articles published in the Novem- 
ber and December Bulletins will 
be repaged and reprinted together 
in a special volume, with an ap- 
propriate title and paper cover, 
size, 6x9 inches. Orders should be 
mailed before January 31, 10932. 
Price to members, $2.00; non-mem- 
bers, $2.50. 


The American Association of 
Petroleum Geologists 


Box 1852 Tulsa, Oklahoma 


The Annotated 


Bibliography of Economic Geology 
Vol. IV, No. 1 


Will be Ready in January 


Orders are now being taken for the entire 
volume at $5.00 or for individual numbers 
at $3.00 each. Volumes I, II, and III can 
still be obtained at $5.00 each. 

The number of entries in Vol. I is 1756. 
Vol. II contains 2480, and Vol. III, 2260. If 
you wish future numbers sent you promptly, 
kindly give us a continuing order. 


Economic Geology Publishing Co. 
Urbana, Illinois, U. S. A. 


Dear Sirs: 

Please send Vol. I, Vol. II, Vol. III, etc. of 
the Annotated Bibliography of Economic 
Geology to me at the following address. 
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Well 


AAA AW: carry in 
stock, ready for immediate 
delivery, six different well 
logs printed on either heavy 
ledger paper or government 
post card stock, in depths 
ranging from 3,000 to 6,000 
feet. A Prices and samples 
of these logs sent on request. 


MID-WEST PRINTING CO. 4 
¥ BOX 1465 ¥ TULSA, OKLA. ¥ 
: PRINTERS OF THE A.A.P.G. BULLETIN 


| 


AAA AAAAAAAMAA 


wv 


TRIANGLE BLUE PRINT & SUPPLY COMPANY 


COMMERCIAL BLUE PRINTING ENGINEERING, DRAFTING & 
PHOTOSTATING & OIL FIELD MAPS ARTIST SUPPLIES 


Mid-Continent Representatives for Spencer, Bausch & Lomb, and Leitz Microscopes and Accessories 
12 West Fourth St. Phone 9088 Tulsa, Okla. 


PETTY GEOPHYSICAL ENGINEERING COMPANY 


INCORPORATED 1925 
SEISMOGRAPH WORK - INSTRUMENTS - SURVEYS 
1019 ALAMO NATIONAL BUILDING SAN ANTONIO, TEXAS 


Permian Basin Transverse Sections » » °%0 S2tisrpbic Cross Sections 


of West Texas Permian Basin from 
Culberson County to Jones County. Made from examination of outcrops and well samples. Printed on paper 
suitable for additional notations. Folded to Bulletin size in paper covers. These are reprints from ““Transverse 
Section of Permian Basin, West Texas and Southeast New Mexico,” by Lon D. Cartwright, Jr., this Bulletin 
(August, 1930).—Two sections, postpaid, $0.20. 


BOX 1852, TULSA, OKLAHOMA The American Association of Petroleum Geologists 


NOTICE OF CHANGE IN PRICE 


THEORY OF CONTINENTAL DRIFT - - Ow SEPTEMBER 1, 1931, the price of this 
book, the edition of which is now almost exhausted, was increased FROM $3.50 TO $5.00 PER COPY. 


14 authors 240 pp. 29 illus. Cloth 6 x9 inches 
BOX 1852, TULSA, OKLAHOMA The American Association of Petroleum Geologists 
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» » » Our Photographic Maps covetng some 40,000 square miles of 
the Texas Gulf Coastal Plain are all now available. 


» »»Primarily they have been made for and utilized in geological 
exploration in the oil industry. 
WRITE US ABOUT THESE MAPS OR ABOUT NEW MAPPING 


EDGAR TOBIN AERIAL SURVEYS 
SAN ANTONIO, TEXAS 


TORSION BALANCE- 


CONTRACT — FERDINAND sUss, LTD., INSTRUMENTS: 
SURVEYS, “ORIGINAL EOTVGS” (Visual) 
INTERPRETATION RYBAR (Automatic) 


DONALD C. BARTON, Pein Building, Houston, Texas 


ALBERTA STRATIGRAPHY 


Donaldson Bogart Dowling Memorial Symposium 
Stratigraphy of Plains of Southern Alberta 


Including Biography, Foreword, and Index 


By Carl C. Addison, A. J. Childerhose, Clare M. Clark, B. F. Hake, H. M. Hunter, J. S 
Irwin, Theodore A. Link, W. P. Mellen, P. D. Moore, Delmer L. Powers, F. W. Rohwer, 
J. O. G. Sanderson, S. E. Slipper, J. G. Spratt, P.S. Warren, and W. S. Yarwood. 


A limited edition of the October Bulletin papers has been prepared, without ex- 
traneous current items and advertising matter, bound in standard blue library buck- 
ram with gold-lettered backbone, comparable with the other special publications of 
the Association. 

14 articles assembled by the Alberta Society of Petroleum Geologists, affiliated 
with The American Association of Petroleum Geologists. 16 authors, fully qualified. 
166 pages. 60 illustrations, including a geologic map of southern Alberta. Size, 
9 X 6 inches. 

$3.00 per Copy 
(Postpaid, exclusive of customs or tariffs) 
Limited Edition 


The American Association of Petroleum Geologists 
Box 1852, Tulsa, Oklahoma, U. S. A. 
LONDON: THOMAS MURBY & CO., 1, FLEET LANE, E. C. 4 
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NEW PRICE 


--On-- 


10-VOLUME INDEX OF THE BULLETIN 
ONE DOLLAR 


will now purchase this complete de- 
tailed cross-reference key to Vols. 1-10 
of the Bulletin. Price originally $2.00. 
Copies now available at Special Price, 
$1.00, postpaid. 


The American Association of Petroleum Geologists 
Box 1852 Tulsa, Oklahoma 


BOX 1852 


PALEONTOLOGICAL PAPERS 


Special Separates with Covers from 


THE BULLETIN OF 
THE AMERICAN ASSOCIATION 
OF PETROLEUM GEOLOGISTS 


Convenient for use in Laboratory and Field 


1925. Subsurface Stratigraphy of the Coastal Plain of Texas and 
Louisiana, by E. R. Applin, A. C. Ellisor, and H. T. Kniker. 
43 pp.,map,and plate - - - - - - - $0.50 


1925. Correlation of Organic Shales in the Southern End of the San 
Joaquin Valley, California, by E. G. Gaylord and G. D. Hanna. 
An Eocene Fauna from the Moctezuma River, Mexico, by 


TULSA, OKLAHOMA 


J. A. Cushman. Both, 75 pp.,5 plates - - - $0.50 
1926. Texas Jackson Foraminifera, by J. A. Cushman and E. R. i 
Applin. 35pp.,7plates - - - - - = $0.50 ae 
Order direct from The American Association of Petroleum Geologists a 
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One of the 
Most Complete 
Laboratories in the 
Industry Protects the 
High Standard of Quality 
of » » » 


HUGHES 
TOOLS 


Vv Hughes Rock Bits 
Vv Hughes Core Bits 
Hughes Tool Joints 
Vv Hughes Valves 


Everywhere 


Hughes Tool Company 


Main Office and Plant 
HOUSTON - TEXAS 


SERVICE PLANTS EXPORT OFFICES 
Los Angeles Woolworth Building 
Oklahoma City New York City 
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